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ABSTRACT , . . ^ 

This volume records the presentations made at the 
Symposium on Research Applied to National Needs. The three major 
. proi)lem areas of energy, the environment, and productivity serve as a 
focus for the papers. Jhe ia papefcs in the first section deal with 
energy programs; energy under the ocean; energy conversion and 
transmission systems; and geothermal, wind, and solar energy. The 
second section includes 10 papers covering threats to man and his 
environment, environmental programs and projects, disaster mitigation 
(earthquake engineering and fire research) / mercury pollution, 
weather modification, and resoursa management. The third section 
contains three policy addresses which discuss national research, 
energy policy, and environmental policy. Twelve papers in section 4 
are concerned ' with productivity in the public and private sectors; 
the final section consists of one paper on research utilization. 
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In recent years, the American people and their elected fepresentatives 
have urged a strengthenec' effort to direct uur Nation's scientific and 
engineering resources toward the solution of national problems. 

One important focal point • of ^this effort has been in the National 
Science Foundation. Its formal beginning was in December 1969 in a 
modest program with the title of Interdisciplinary Research Relevant, to 
Prot:)lGms of Our Society. In March 1971 its *:copo was increased sub- 
stantially and its title was changed to Research Applied to National Needs 
(RANN). 

During the first two and a half years of the RANN program, the 
researcti work hasjocused on three areas of national need: energy, the 
environment and productivity, both in the public and the private sectors 
of our society. / 

The direction of l^ecirch toward the solution of problems has required 
new approaches and methods of operation in parts of the National Science 
Foundation. In RANN and other new programs, the institution and its staff 
have had to shift emphasis. ^ 

During the 20 years following the establishment of the Foundation in 
1950. attention was concentrated largely on the support af basic research 
in universities, largely within the bounds of the established scholarly disci- 
plines. Support of basic research, of course, continues to be the basic 
mission of the National Science Foundation. But In RANN we are broaden- 
ing the base of oi'r support to include industry, national laboratories and 
not-for-profit research organizations. 

By the fall of 1973. we concluded tnat the program had reached a 
stnqo at which it would benefit from a major symposium before an audience 
of rnsoarchors and potential researchers, and users and potential users of 
tho research results. More than 1.500 persons from industry, government 
and tho university research communities responded -to our invitation and 
attended this symposium, which was held November 18. 19 and 20 in 
WashincVon. D. Q. 

This volume, which record^, thr? [)reson;afV>ns made at the RANN 
SymiK^sium. provrfi^^s examples of what can he achieved when the capabili- 
tiPS of scifMit!Sls and engineers are directed toward national problems. It 
de\K)nstrat()s ;Ki;nn. we l)Olievo. (hat it is sound policy to use those re- 
sources in this fashiorv What has [lapponod and what is ot qioat importofice 
to this coimtry is tha^ in a period of relatively few years \Nn have focused 
anil bofiun to put to vvork in new ways and on new problems the powerful 
forcos that have served us so wot! in the past. 
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INTRODUCTION ^ 

PERSPECTIVE ON RESEARCH 
APPLIED TO NATIONAL NEEDS 

/ 

Alfred J. Eggers, Jr. 

Assistant Director for Research Applications 
National Science Foundation 
A/Vashington, D. C. ' 



It is a great pleasure to invite the attention of serious readers to the 
Proceedings of the first Symposium on the program, of Research Applied 
to National Needs (RANN). of the National Science Foundation. This Sym- 
posium wab held at the Sheraton-Park Hotel in Washington, D. C. on 
November 18. 19 and 20, 1973. 

These Proceedings include all presentations made at the regular 
sessions of the Symposium and the text of the dinner address by the 
Director of the National Science Foundation. Dr. H. Guyford Stever, on 
the evening of the 19th. During the regular sessions there were also 
keynote addresses on major matters of national policy by Governor John 
A. Love. Director. Office of Enel-gy Policy, and by GovernoV Ryssell W. 
Peterson, Chairman. Council on Environmental Policy^ 

All of the presentations were short and to the point, as was required 
for inclusion in two very busy days. For this volume, therefore, we encour- 
aged speakers to add important supporting detail to their papers whenever 
they feit it to be warranted. - Readers desiring still more detail can obtain 
it from the speakers or from tecKnical reports awitgble through the RANN 
Document Center/ 

The appendices to the Proceedings include a list of the more than 
1 .500 persons who attended the Symposium, brief intormation on the dinner 
session and lists of films and exhibits shown at tha Symposium. 

RANN Objective 

The RANN program is designed to focuc U.S. scientif.c and technical 
resources on selected problems of national importance with the objective of 
contritJuting to their practical solution. This focus is in accord with the ex- 
presB(ii concerns of tho President, the Congress and. indeed, the American 
peopl<L^for harnessing tho discoveries of science in tho service ot man. " 

Am important purpose of RANN in this' process is to shorten the lead 
I'lrnc botwoon the disoovone''. of science and their application in meeting 
the Natipn's needs. Thus RANN provides a key bridge between the Foun- 
.iatiof>s [h'7Sir research programs and tho development and operations 
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programs of the Federal mission agencies and other important elements 
of the user community, including state and local levels of government, and 
industry. 

Because of the key importance to RANN of the user community, the 
Intergovernmental Science and Research Utilization prograii (tSRU) oper- 
ates ab a complementary elemeht to the RANN program. ISRU is the 
subject of a major Symposium presentation in this volume, with special 
attention to. research utilization, Jhe research utilization function will con- 
tinue to be broadened and strengthened with all levels of government, and 
we will further increase our emphasis' on the private industrial sector 
throi gh collaborative efforts with appropriate associations such as the 
Industrial Research Institute. 

The implementors of the RANN program are universities, industry and 
national laboratories. Thd pooling of their best talents to make up effective 
research teams is a driving force in these efforts. There is a powerful 
educational component in the problem-focused research supported by 
universities, where both faculty members and students serv3 on the project 
teams. Through these means. RANN enables the Nation both to benefit 
from the services of the best performers available and to strengthen the 
performer base. 

To accomplish RANN's objectives in an orderly and efficient manner. 
RANN programs are constructed on the basis of phased project plans. In 
each phase, there are major milestones at which technical, environmental 
and socio-economic evaluations and assessments are made prior to Jrii'tiat-\ 
ing the subsequent phase. The first. Phase Zero, comprises adygnced 
research and systems ar/ialysis. Phase One focuses on system definition 
and subsystem experiments. Phase Two carries through systems proofof- 
concept experiments, which are undertaken to establish that the full tech- 
nology base is available to enable t» e user community to move exped'- 
tiously to the design and developmert of operational systems. 

The RANN program is now mors than two and a half years old. It has 
oeen developed through an extensive process of planning, coordmation 
3nd evaluation. This process focuses special attention on national needs 
iinci cnpabilitirr, to rnoot thorn .is viewed by leaders of the scientific? and 
l(?chnicni communities, universities, industries, other Federal agencies, and 
state) and local levels of government. This effort has included m-depth 
p/ogram reviews with the National Science Board, v^vith major advisory 
f^omnvtlees of the F-^iundation. mcludinq ospL^cuilly the Research Applica- 
tions* AVjvisory Comrnatvrv with comniittoes of the National Academier. of 
VM^'ornu? and Enr)ifief>rinf j. mc'iKiinrj psf)ec:ially the Committee on Public 
[:r. 'iMieennq Policy and with mJustrial and i)rofcss!onal societies. 

One o^ the most rer^'nt produrts of this activity was a' report included 
■'^ 'hi^ j-natfn:al prcjvidf^l *o [:.M)rson^ who attonded the Symposium. The 
• ?i.^ort P/'or///es fur Po.se.r^r*/? A[)plic:.U)h'} to National Nooci^. was piibltsfied 
oy the Committr^e on Pul^hr Enqineerinr] Policy of National Academy 
of En^juioenng in NovOr^^.her 1973 This roport is thcj product of an intensive 
r^ 'a!ua*ion ef^oM 'f)v ncady 100 ^^xp'^ts in a wide ^vpr-rtrum of disciplines, 
r Hvi-nrj from [he r^hy^'^icai lo thi^ ^-.ocial -J inru'fv; and rc^presefitinv] the. 



Integrated views of both researcf>^s and users of^the research results in 
government, industry and universities. It has already importantly influenced 
the thrusts of new research efforts in the RANN proc,Mm, This is especially % 
true in the areas of the functioning'*of institutions to meet national needs 
and conservation and patterns consumption of scarce natural resources 
including energy resources, I believe tfie reader will find it interesting to 
compare this report's recommendations on high-priority research needs 
with the progress ancf results of research reported during the courso of 
this.Syrnposium. ^ 

Federal mission agencies have participated extensively in this planning 
and evaluation effort, through the RANN Coordinating Committee and its 
special panels and through other panels of the Federal Council on Science 
and Technology, These committees and panels have already provided 
important inputs to the shaping of the RANN programs of problem-focused 
research. 

In deciding whether a specific problem of society should be addressed 
by RANN the following criteria are considered: importance of the problem, 
potential research payoff, leverage of science and technology on the prob- 
lem, readiness of an effort, existence of suitable capabilities, need of • 
Federal action, and appropriateness of Federal support by NSF-RANN. 
Affirmative decisions on RANN support mny be given for problems that fall 
between or outside the areas of responsibility of other agencies, that span 
their areas of responsibility^', that are related to meeting their longer-range 
or special requirements, and that are uniquely suitpd to solutions by strong 
interdisciplinary teams from universities, industry and national laboratories. 

Through the application of these criteria in the comprehensive process 
of planning. coordination*and evaluation, we have determined that the 
principal emphasis of RANN should be in the three major problem areas 
of energy, the environment ana productivity in the public and private sec- 
tors of our society. 

It should come as no surprise, therefore, to find these problem areas 
as key subject? of discyssion at the first RANN Symposium. 

Energy: 

The national need to expand thf^ Nation's energy resources is abun- 
dantly clear to aM of us as illustrated by several circumstances. One is 
the adverse consoquence that a growing dependence on fuel imports has 
on our foroian policy dotcrminntionr> and on our domestic well-bomg when 
these imports aro ourtnilod Another is the impact of current usage of 
conventional and nuclear fuels on our natural environment A thirj cir- 
cumstance is the dopf.ndence of our socio/y on energy for sustained 'oco- 
nomic growth, transportation and other bc^sic needs. 

All of these considerations and more point to the urr'-ni nooci 
st? engthened innovation and imagination m the search for aUemativp ro- 
sources to meet the Nation's en^^rgy requirements and to .:on<ierve its 
^^xisting non-ronewahio resources This volurDo includes *.h.o rt'iul^s of 
resear''.:h on a number of thf^sr issues. [■)eqinnifiq with consfdt.*' at<(^r-s of 



overall energy systems and concluding with reviews of the potentials 
of splar energy to help meet national needs. 

Environment: 

The national need to expand the Nation s control over its environment 
is also abundantly clear to all of us. It is illustrated by the adverse conse- 
quences of threats to the map-made environment, including earthquakes 
and fires and. indeed, to man himself. In addition, tfiere are the threats 
to the natural environment due to adverse weather conditions and the 
increasing release of trace contaminants, such as heavy metals, in this 
environment. Finally, there is the overall concern for increasing our ability 
to manage the environment effectively. This requires an improved under- 
standing qf the complexities of regional environme.^tal systems coupled 
with the realization that local governmental structures do not usually 
possess a common boundary with the environmental problems they face. 
The results of research or^ a number of these environmental issues are also 
included in this volume. 

Productivity: 

'^'he need to increase productivity in the public and private sectors of 
0 ir national life is illustrated by the adverse consequences of inflation and 
an unfavorable balance of foreign trade. In the public civil sector, about 



136 billion dollars is spent each year by state 
purchase of goods and services. This level i 
that research be conducted to determine the 



and local government in the 
5 increasir^. It is important 
degree to which municipal 



performance can be improved through a better allocation of these funds. 
An essential aspect of this research is to examine new technologies and 
management concepts, which could improvo city and state performance 
in the cidiivery of public services In addition.: there is need to improve the 
officiency and effectiveness of those state and local government institutions 
that deliver public services This volume includes the results of research 
on several of these issues and a m^njor address on public sector produc- 
tivity by Deputy Mayor Edward Hamilton of New York City 

In the case of privato sector product!\?ity. if. economic growth is to be 
stimulated, the need to rreatf? ru^w industries nnd to improve technology 
must be met There are imoortant opportunities to do this in the application 
of basic en/rymoloqy m selected industries, in the utilization of r^ew mag- 
rH'Uc. processes for the concf^ntration and ifTi[)roved rocov ry of mineral^* 
from ifKiinenour. o^e. and irv'^^jj^r^ mcroased use pf automation m the manu- 
*j(^trrmg •ndust'-'os. Thr, vmIu^u^ «Mf:iudor. selected results o? research in 
th^--^ problem ar-eas and an ad''jress bv John Diebold. who heads the 
Dieh.old Institute of Policy Studies, on the impiications of new technoloqies. 



Conclusion 

In summary, let me emphnsize that the .primary purpose of the Sym- 
posium and of thdso Proceedings is to report ?.ome of the most significant 
results of the RANN program on important national problems. This re- 
search altogether has involved morejtian 1,200 individual projects through-* 
out the UnUod Stales, for whic>^we'(have already obligated some $200 
mjllioh in carrying Xh&m forwa'r'd. . ■ 

Many conferences and worl<shops have of course been held previously 
to report tho? results of research to the immediate user communities in the 
various greas of the RANN program. Examples have ranged all the way 
from solar and geothermal en'ergy through environmental land use plan- 
ning, the use of thermal batteries and the large-scale removal of solid 
waste from major cities. But this was the first Symposi'um that covered all 
\he major inter-related issues addressed by RANN. The papers in this 
volume give special attention not only to the viewpoint of the researchers 
but also to the uSsers of the research results. 

This fact serves to emphasize the high importance placed in the RANN 
program both on good research and effective research utilization. We all 
know that the effective naix of^thdse efforts is one of the great chall^enges 
to achieving high payoff from problem-focused/Tesearch. For this reason, 
not only the speakers but also. the audience cimprised both reseafchers- 
and users of research on national needs. 

We all recognize. too.Jhat Research Applied to National Needs is a 
highly interdisciplinary endeavor involving technologists, environmentalists 
and social scientists working as teamr, \6 serve the needs of decision makers' 
at ait levels of the government, industry, business and labor comwiunities. 

ff this joining of forces is to be successful in meetingf Our Nation's' 
r.hvillL^nges of today and in moving our Nation effectively into the future, 
then we must learn to pool our resources in a common effort and with a 
common language that we can all understand. This Symposium and these 
PfOceecimqs are in a very real sense an exper^imcnt in such colloctive 
ufidorstandinn and action. The author of each presentation has attempted 
to addross all rcNadors. whcMht^r ttimr special respqnsibility is in the area 
of enorqy. tho onvirgnment or |)roductivity. I smcerely h.ope also that 
'^oadn.'-s of ihe Procoodincjs who arp p^rimarily interested in one problem 
■ iiTvi 7/rll rj;vR ramfiil Tittf^nt'on to Iho prosontaiions tn tin; othc^r [)rot)lom 
arv\^^i. I Gay th's [;)ec:au>f^ ! "I'n f.prtjir^ that m our time, niid for tht^ foro- 
■-•">t"}abl'/ fu*u^»\ 0'<^,:!^}y. <h»- ,s !i)rni(}nf .ind pr odiiptivity arp national issuo*-. 

It arf> :;io-.o'v :a!»:^'"c^}[;t"}'Ulont No ono o* thosc^ issues Will be doah with 
..fSi-Nv'-Iv w-'h^Mi <Uu^ ijn(i(rr;;?.if!{.iina ^tncJ rorv%idoration Qf the otfior two. 
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THE RANN ENERGY PROGRAM 



Richard Green 

.Deputy Assistant Director for ^ ■ 
Progrcim Management, Research Applicatiops 
National'Science Foundation 
Washington, D. C. 



* The. RANN Energy Progrnm is the largest \r\ 
the to\arRANN 'program •from a dollar viewpoint! 
It supports research and technology developmeri't 
m area^*\vhich lead to the implementation and 
utilization of new energy concepts. 

'^Objectives and Program Elements 

The major objectives of the prograrrf are to 
analyze the intermediate and long-range'needs for 
energy and explore the various strategies ' for 
meeting them-, to identify and investigate technolo- 
gies that have the potential ^or significant impact 
on the energy situation, and assess the environ- 
♦mental. *soc'al and economic impacts of energy 
prcductiO'V distribution and" use. to minimize 
detrimental effects. 

There are several major elements of the 
RANN Energy Program, each- of which will be 
addressed today. 

They are: ^ 

Energy Systems, where we analyze and syn- 
thesize altv-^rnatjve means of meeting U.S. energy 
require'^ •^'.'ts. 

.Energy Conservation, the analysis and do- 
vf^loomofv alternativc'mnans to save energy in 
n?^ of^v.rors.-nentally acceptable way 

Technology Assessment, the determmation 
of thp .mp.ict introciucinq a new. or modifying 
an ex'<5ti'-5rj. *.^chnolcgy. 

Energy Resources, the devolooment of m^Mh- 
o.'js ^01 <^ ''''Ctively ulilizinq conventional energy 
resou'C^"^ g . coah. .r 

Energy Cpnversion and Storage— thosp in- 
volvrf ne.v tochnoloqios to* convrrl energy to :\ 
♦r?fm ot.r:\',cyi\ for transmission anrj use. 

Energy and Fuel Transportation, the trnns- 
porla!'0'^ (^neray from the source of productTon 

* tf) the- Sitf' co^isumption by usir'.g r:ovoi power 

:r/tnS'T>i^S:'~.r^ teCho-OMOS- 

Geothermal.Energy—tn asr^oss and pfovo its 



Solar Energy— to develop research base 
needed for the terrestrial applications cf solar 
energy. , ^ ^ 

Out reseaich results per se mean little if they 
are not utilized. To this e'nd we. maintain close 
couplings with user agencies and other organi- 
zations. For example, our ' advanced Coal Re- 
search Program is closely coordinated with .the 
Office of Coal Research in the Department of the 
Interior: our Soliu^ Energy Program, for the heat- 
ing and cooling of buildings, with the Department 
of Housing and Urban Development, the National 
EVtfreau of Standards in the Department of Corri- 
me.rce: the Systems Program, with the Federal 
^Power' Commission 'and the White House Office 
of Energy Policy, and the Energy and Fuel Trans- 
mission Program for the electric utililies is working 
closely with the Electric Power Research Institute 
and the Atomic Energy Commission. 

The presentations thaf foHow^cover signifi- 
cant areas of the RANN Energy Research and 
Technology Program. The systems approach to 
national energy production and consumption will 
be addressed by Mr. Wetmore. "Dr. Carlsmith will 
cover energy conservation' re?^earch. Dr. White 
will report on a technology assessment of offshore 
Oil and there wili be an evaluation of that assess- 
ment by Mr. Radlinski. Dr. Squires will present 
improved techniques for gasifying coal. Mr. 
Compton will describe an oxampin of energy 
conversion and storage technology, the sodium 
sulfur battery. Dr Peschon will -review the status 
of knowledge of energy transmission systems. 
Drs. Kuwada and Ramey will present an overview 
of the challenge of goothermal energv- Then the 
attention will turn to .solar nnerqy, Mr. Thomas 
will reptDrt on wind energy cnnversion. Dr Eckert 
arid Mr. Schmidt will review thermal conversion 
of solar energy Dr. Lot and Dr. Boer will de- 
scribe the use of solar energy for heating and 
cooling of buildings. Finally, there will be status 
reports on work on the problems of commerciali- 
zation of solar heating aiid coolinq of buildings, 
from Messrs. Tarnham. StewaM and Potrou. 
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ENERGY SYSTTEMS 



\ 



, William H. Wetmore, Director 
Office of Systems Integration and Analysis 
National Scionce Foundation 
Washington, D. C. 



Energy~in all its to^-ms— is essential to the 
health and Qfowth of this nation. Energy touches 
ovory facet of. our lives, lit has brought us groat 
v.oalth and a strong indijstrial base, it has pro- 
{k\cc6 a great change in our socjet/ and has given 
us one of the world:s highest standards of living 

However, as we arc all becoming fully aware, 
the demands for enf?rgy are rapidly outstripping 
avvailablo supplies. Our current supply problems 
may become even greater in the future. 

In Figure 1. a projection of the nation's 
energy consumption, we see two major facts: 

• The demand is projected to increase 
by 50 per cent every decade. 

• A major shift in emphasis indicates 
that^ power generation may well be- 
come the largest energy consumer 
(42 per cent). We will need more 
power plants—in contrast to energy 
for cars, homes — and that can have 
a major impact in our national energy 
planning. 



Figure 1— Estimated Total Energy Use 
arid Energy for Generating Electricity 
1971-2000 
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Every day — in newspapers, television, the 
actions of our governments and those ab<oad-r-. 
we see more evidence of the magnitudd^and 
seriousness of the energy problem. 

Massive efforts are being considered within 
the Congress and the Executive Brancti to solve 
it. And one step in its solution is to scope and 
understand the problem and afl of its ramifications. 
^*^hat is the beginning — leading to the development 
of^sQund /programs. 

defining the scope of the problem, we all 
know lye are not dealing with just a question of 
supptyland demand. We know that many related 
factorsMiust be considered — such as the environ- 
ment, the relationship between energy and indus- 
trial productivity. Mhe impact of energy on em- 
ployment, the policies and regulations relating to 
energy. These technical, environmental, social, 
economic, legal and regulatory issues require that 
wG address these problems from a total systems 
viewpoint. 

A Major Problem— a Major Challenge 

I would like to outline the way in which the 
RANN energy sysfems program addresses this 
national issue In our program, we look at the 
rosourcos. tho conversion of the resources and 
the end uses of that ennrgy to dntermine the most 
pffiCient means of utilizing our national energy' 
resource base.* 

Aiiiajor pujposo of tho RANN nnr^qy systems 
rjmqram is to identify tho r^norgy research and 
t'^^*fuK)loqy devolopmcnt opportunities. 

We also are improving the base of informa- 
tion and data essential for energy planning. We 
a?o d^^v(?l oping natmn/il and foqjotial energy 
riiO(lt>ls to piovifio (locision makers with a better 
ufui(vs!ii'Klinq of thr? consequcMices of tfie options 
.iva lal)lo to them. Fmaliy. wo arc examining tho 
•fnf);ict nf regulatory activities in the energy field. 

Now lot iTie doHcnbo !he major elements of 
the [)rn(|fam to shcjw flow it is structured, and to 
c- .v<M- rn J! r)[ cur M.-fi^ a«uj f)!;m»ipd activites in 



4 



In r.osou!^:e analysis, wG^are examining both 
our current rvjsources — oil. coal. gas..nucloa/ — 
as wull as advnncoct'enorg/ rosouroos — oil ^hnkv 
tar sands, solar. geoth(?rmal. hydrogen, otc*. for 
example, wc havo a major project to develop Im- 
proved techniques for coal gasification — and Dr. 
Squires reports on that in a'^other paper in these 
proceedings. 

Within RANN we have programs assr^ssing 
the resource of the outer continental shelf as 
applies to our near-term energy requirements. 
Dr. Irvin White describes that research. 

In solar energy, there are several rTiajor areas 
of application. The most prominent are solar heat- 
ing and coolir^g of Uuildinc,^. c:nd electric power 
generatiorv Research repo.ts from industry and 
univefsities describe the applied re.search RANN 
is sponsoring in these areas. 

Another bxample is in geothermal energy. 
A p-^.per by Drs. Kuwada and Ramey discusses 
this subject. Much is known about 4fhe potential 
that oil shale offers. Those projected resources 
are equivalent to 200 years of oil if consumed at 
the current rate. Oil shale requires a major 
examination of the issues relating to technology, 
the environment, economics, societal acceptance 
and o.thor facets. 



These are examples oi current and ofigoing 
•RANN research and hard toctinology pm^grams. 
!n addition wo are conducting studies of various 
resources arid combinations of resources such as 
solar energy, geothermal energy, oil shale, nu- 
clear and coal to determine their capability to 
rneet our natural resource requir;ements. We also 
"are. assessing coal technology and developing 
recommendations regarding the most productive 
and beneficial coal research programs. We are 
evaluating coriservation practices, environmental 
constraints and their impact on energy resources.' 
The list could go on and on. 

In conversion systems analysis, our activities 
encompass power generation, transmission and 
distribution, and enfjrgy use in the residential, 
commercial and industrial areas as well as 
transportation. 

Opportunities for Conservation 

There is an obvious and close interaction 
between supply and demand as portrayed in 
Figlire 2, and higher efficiencie«5 mean less energy 
consumption. There is a further close interrela- 
tionship between higher efficiencies in all con- 
version systems, conservation and the environ- 
iTient. Increased efficiencies lead toJower waste 



Figure 2— U.S. Energy: where we get it and where it goes 

Fnofpy Co?i!iurTied m Gonera^jon and 
Transmifttion of f.U)Ctricity 




ERIC 



5 



i lower thermal pollution Improvement?- 
rvalion have afi impact of^ the deiriand 

• ;M:es and th(^ neeil for now prnvcr 
\' \] Kicilities 

' fosidehtiai and commercial areas now 
. : !er 23 per cent of the total' energy con- 
;\Mi — ifi space heating, water heating, air 
I'.iriQ. refrigeration, etc. Wo are working 
.-.nd pfiva!r- housir^q and with school 
We have Pfojects treating the unique 
^■N^ niobi+p home. v\h«cfi represents orie, 
^, homes built m recent yeais. 

•t-^.(iential energy consum^ition. studies 
.mnual energy cor'^sumption can bo 
IS much as ^0 per cent vvitfiout affecting 
at an increase of only 3 per cent 

■ *• }' cost of the housQ^ 

■.'c. \^o'^^i^ units 9uch 'as air conditioners 
.• i;f-'en pxamined Increasing the average 

■ r ;)y bo per cent (not unrealisticnwoutd 
• .1 reduction m energy consumption for 
: » oners alone o^ 16 billion kiiowatt hours 

■ r-.^ valent of about six good-si^ed pCAOr 
' ' ) megawcUts e'ectncv 

'^djstrial sector is cntical because it 
•s ?8 liet tent of the . total national 
. v-^n In fact, six industry groups in 
■ , 'inn— including food petroleum and 
-.jc:s. and primary metals — account for 

■ cf all fuels and electric energy 
■ • m.rrafacturing i.naustnes. 

■ ■v'-' studies m selectrd industries to 

}verner^ts that will lead to the r.iore 
... energy We also are planning to 
■• s .rea to^ deterrTimo means of in- 
^ ■ ■: .stnal * pr'odurtiv'ty without major 
:r" (■ '.}.ncium[)lion of f^norgy. 

■ liMjor tasK afJooting tfie industrir 
•■••-1 out at thr; Oak Ridge- National 
l'^ lis v.ilh the rocyclir^q of the fWe 
-••i--''^ ^'^iy ^jsecj nn.-tals — •nlurrMnum iron. 
: * !'-u;rn ar^d nvignesiurn Recycling alu- 
' ■■ v-^ues less than 5 per cent of the 
:/ f'^q.j "fUl :n:t: .tUv to produce d. In genorat. 

■'■(.] orovidf^s morn motal v.ith less energy 
;-''-ntion T^vu -.vn k".r}v.- -wo have pointed 
■■ -.opo' r.;nJty VV.lh o!hf»r ."iqencir'S we wiii 
'z^-. to i.'Tipiement what \aq havt? learned 
■■. 'M,* v.iluf^ of rfjcyclinq 

Fond a key rnnus*ry and onn nf obvious 
fta- -.^^ TO thf} conf^unu^'- Bf^cause wr* spor^d 

divIlT nut of evpry five fr;r food. and becrUise 
'fi.itt^rj activities consume mor^^ than 12 per 

• f nuf f'r^'noy( v-.f-* pl"jn \o exoami our current 
!s i'^ Ihis ire.i 




Transportation is anotfier vital- field, account- 
ing for 25 per' cent of the total energy consump- 
tion af:d projected to double every 20 years. The 
.iiilomobiU.* consumes niote than half of that 
energy. Studies have shown that conservation in 
the transportation sector could 'reduce^ energy 
cohsu.nption by one-fourth. 

The examination of passenger and freight 
t,\ancport modes ii^vides some interesting in- , 
sightjj^ Since 1950. the energy consumption per 
rDassenger mile has increased for all modes of 
transportation except for failioads. The overall 
miprovenKMit in rail tiansportation was the. result 
of a shift from steam to diesel engines. 

Aircraft fugl consumption rates increased be-^ 
, caui«e of increased speed On -an overall basis. C 
passenger transport fuel consumption increased 
considerably because of the shift from trains and 
ships to^aircr^aft and autos. This data has led 
RANN to focus its studies in the transportation 
sector on the automobile and. specifically, its 
highly inefficient engine. Considering replace- 
ment of the internal combustion engine, certain 
conclusions from our studies stand out: 

• The repTacement^of the preseLnt auto- 
mobile engine with a new one based 
on advanced engine concepts would 
lead to major reductions in pollution, 

# A switch to compact cars will havo 
major socio-economic effects — espe- 
cially on the auto and associated in- 
dustries. But that switch wilT mate- 
rially benefit our environment and will 
reduce our use of natural resources. 

Keep in mind that we are trying to minimize 
waste in bo\h energy and materials. And so. 
this whole energy system needs to be examined 
n a closed-loop fashion. A key consideration in 
any possible decision to switch to compact ca^s 
IS the impact of that decision on industries and 
employment. If such a decir.ion is made, there 
mii'^t be an orderly transition. 

In e nergy conservation, we have with the 
Sta^e of Ca'ifornia developed methods for esti- 
mating energy demands for a variety of alternative^ 
futures Wo have applied these methods to eval-^- 
•ualirig tfie effect on energy usf^ patterns and havq 
examined the benefits and costs for conserv^|^g 
energy. 

Biiilding on that experience, we are now 
planning a cooKimnted effort on a national scale 
working in the ^Jor{hwe^U. the f\yiidwest. New Ehg- 
l.ind an(i the South Cnntral States. We hope to 
df^volof) a pilot approac:h tfiat on a monthly or 




ncns Ml t^asis vvi# provick* data VMth which stator> 
can J-.' Ap}op polkios and stfaUH]it^s Ofi issuos ol 
f';o» a .1 ui-an Th.pn thoy cm ov.ilua*p th*^ ft^la 
t'vo ' -it^'iuoMCt'S of thO^i' f^OilCrOR F<)I OXaiMI)!*'. 
\\ a St itr has X gallons of UiOl. whoto should it qo 
to .:'^od in th:^ best interost of tfio citizens of 
rr''^ Should it go to schools? Homos? Hos- 
U;dii3try? Who get^) 't? 

a'Oas wf Supply an^i JanjarKi VvO hnvr 
tt >i th*-^ cievolopniont of .modols that oan 
: ta af^ily^'c the consequencos of allorna- 
OS aitornativc costs, n^v/ tochnologios. 

> rrplos in this area aro: 

» Power syste?m analysis (Massachu- 
setts Institute of Technology) to ex- 

* amine trade-offs emong economics, 
envTronment and reliability in re- 
cjion'al power systems. These results 
are now being applied to the New 
Vork area. 

« Energy data bank (MITRE Corp.) to 

• develop a national energy accounting 
process to trace the flov^ of energy 
through the.oconomy from mining and 
production to utilization. 

■ ■ :?ni,cy and renulation. our projects are 
! to in^'es*'qato methods of rocjulation. 
pr:{^ ; : cies arM t^n pffncts 0= subs^diCi"^ 



. In our cfiGtny sytitoms ptogram. vVo main- 
tain close relationships wi4h trio Office of Energy 
f^afie^y. and nuu^y F-odofal acjoncios (o.c).. 

npparlfuefu of Housing jnd Uib.\n Dovolopmont, 
Dopaitinont of Tratisportation. Depaitniunt o( the 
Intel ior. Atoniic IHnorgy Commission. Council on 
Enviropmental Quality. Federal Power, Commis- 
sion). Specifically, we are about to initiated at 
the reoiiest'of the Office of Energy Policy, a study 
of the interchangeability of oil and, cjas in resi- 
dential and industrial uses. In" additfon. wo are 
working closely with the Council ony^nviron- 
mental Quality on energy impact matters: Fuither. 
we. are working with the Department of Uiban 
Development on studies of single-family lesi- 
donees in the Washington-Baltimore area. Tl^ese' 
.and othc examples uQdorscore the stress RANN 
places, first, on getting research utili2ed. and sec- 
ond, on maintaining clpse leJationships with other 
Federal agencies. 

We all have concern for finding ways of 
making more efficient use of cuir nation's energy 
resources. 

We in RANN s Energy Systems piogram are 
committed to finding viable solutions to this 
complex, challenging problem. However, the 
^measure of success depends in Lirge part on the 
participation and contribution of all our citizens. 
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ENERGY CONSERVAf ION PROGRAMS 



^ Roger S. Carlsmith* 

Associate Director 
ORNL-NSF Environmental Program 
Oak Ridge National Laboratory 
V Oak Ridge. Tennessee 



The nr^ed for energy conservation Is well rec- 
ognized Everyone uncierstands wo must achieve 
cjfoattw efficiencj^' in the use of our energy 
resouf ces. 

NSF RANN recognized this n'eed xind has 
supported a program of resoarc^i on 'energy con- 
srrvafion at tfie 0^ Ridge National Laboratory 
over ^l:e last three v^ir<^ 

Program Highlights 

Four arc.15 of work are typical of the kinds 
of effv">rts po\ng on. \Tliese represent continuing 
^ct'v.t;ps at the Oak Ridge Naiion.d Laboratory. 
The^;ire:is ?!re: \ -* ^ " 

• Energy Conservation in Transporta- 
tion. 

^ ' 

• Energy Conservation in the Residen- 
tial Sector. , I 

• Studies of Demand for Electricity. 

• Energy Information. 

"!*^--^ ClO.ils of our trar^sportatiOrvroLitprj work 
■J,.. .j'vUMst ifUi histonc.il ar.vl fTM-'Sont ono\Qy 
■.S'» iV^M '"s* ^")r pns'^o Mjor and ffPiqht transport. 
!^ •-. i-'., , Pf-iPfOy iniphc.ll'or of various 

i-,:^. , ,* ^t, .iilr- ^\tt'Vt'F; .inM oximftin the 
.^ff. ■ -f ..jl!^-^f •-'.rivr- rr.oasijrrs ^dosiqno»''i 



Transportation Patterns 
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We also evaluated total energy requirements 
for automobile'?. In addition to the gasoline used 
directly, total energy includes the energy required 
to build tiighways. refine petroleurt), make cars, 
etc. The total energy requirements of a car 
exceed its direct gas consumption by' 70 per cent. 

Continuing studies explore ttte direct and in- 
direct effects of various possibfe measures for 
reducing the use of energy in transportation. 
These vvould include various taxes, incentives 
and regulations designed to encourage the use of 
the mbr^ efficient modes of travel." 

A number of implementcjtion activities have 
been undertaken related to this work. These have 
included publication of research results in 'both 
professional and popular journals. We have pro- 
vided testimony on energy conservation to the 
U.S. House Subcommittee^ on Science. Research 
and Development, the Senate Interior Committee, 
the House 'Subcommittee on Energy and the 
Subcommittoo on Conservation ar^id Natural Re- 
sourcf^s -In addition, testimony has boon given 
to the Tennessee House Committee on Energy 
Snurcos. 

Po^uMf: of our studies have been used by 
Fpdoral acjpnrips iri then ef'-ergy-relatHd work. 
Pu'j!»r.n'.\i exampl(»s include^ Tho Potential lor 
rr}(}r(jy ConscrvatKW by the Office of Emergency 
Pippa'Pdness Energy Conservation Strategies by 
thp EiH'ironrnpntal Protection Aqcncy and Trans- 
!)ortiilion Enorqy Con.srw. ff/on Optioms by the 
[^pouh^M^nt r^f Transportation. 

Residential Conservation 

Our secopd .area of fpsearch onerqy con- 
S'Mv.itiop iM ri'Sidpntial us(^ h.is thrpf> qoals: to 
dplpfminc^ how tMUMqy is used m residences, to 
di^lpfminp where t^nergy inefficiencies may exist 
.{M(j to inv^.^s'iqatt^ the tpchru^loqical and f?conomic 
*'M5^'0flJly i:- rfMlucmq thof^n insufficiencies 

•f"*(H f 'XcHTi()lf'' Uv^rmal insuL^tion recumoments 
■!u ln''^''-.l in cuMfMit r»'t!pra! Hou^ino Administra- 
r- in (fHA) nimiinufn [)jfM)pfty st nris foi resi- 
(if'iu-t^S l.ill p.Of^SidpraMy ifu^ (^(Mimuin 

■ w,.Mi'i:niC lovpi In othtM ■/.oitjs ttu"! fiomp owner 
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' both energy ami money by ciroator use 
'i'ition. In addition, a kuoo nunibor of old 
-.w homos do not even rinn?! th(i.^: niminiu'n 

. hav<? found that heat pun^ps offer ajn 
:.. iity fo»- electrical space heating with coh- 
V loss ofierqy use than the much more 
lOfiistanco h'.^ating The energy-use re- 
.\ou!d bo *v,o:c than a f'\c!or of 2. as far 
■• F^hiladelphia arjd would still be a factor 
far north as Minneapolis. 

■ ott c-encios of v\indow air conoitiqners 
•:l conimnrcially vaiy by a factor ot'^ 2.5. 
: uonal first cost of the more efficient 
, recoverable through lowered ppwer 
•uCh of Ihe country, particularly In those 

• iw',r,Q high energy consumption for air 
' -iq. Energy for air conditioning cari of 

• DP qr^^atly reduced by highei tnormo- 

• rg^— 10 per cent for each i!egree. 

iS''*'-g the insulation thickness on electric 
i!e;s — fiuoi the usual 2 lo-f) inches-- 
about 35C kilowatt hours a year per 
■ :i .'.ouid provide a small net monetary 
*.^^e homo ov. n(?r. Nationwide apolica- 
: s H-e approximatoly tht» output of a 
' •^.io.vatt po-,\ef plant 

* ":i:r-qs on tht? value o* aJo'ed insulation 
0 vor^ to f t'pM.^so'^tatives the Arch'^ 
•j Enq"*ronPa Di'v.si-"'n of th(^ Deoar!- 
i i.^'^ua and iJrC^af^ Dovt:L-pme!M {'.\hirri 

• al'.^ ;■ F*H^ ni'n::>n:rn p'-^Of^rty stand 

(^-.jnrU C'H E^^vtf^ w^'ne.'S.il Quality 
a'vj S»''\ite rcmmit^Pt^s F'rvlings 
:-'0'' a.'- (:.v7!iirorinci a.nd hoat 
■ w ns 'J^^^sc^ rTiiq^M t'-e 

• ■ ■ : / r f - ♦ 1 ) V ^ * ' 

!?•.- "IvA 
•■■ -'ny arv ] '^^ r-' -y s 
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departing from past trends Thus forecasts, made 
using conventional rr.etf)ods will become less 
roliabl'^ ^ . 

We lirni the dtMiiand for electricity is price- 
elastic. When we make reasonable assumptions 
about future prices, population, incomes, prices' 
of competing energy forms and appliance prices, 
we obtain forecasts of future electricily demand 
apprccnbly Iov»or than by some other wol! known 
projectrons. I should add a word of caution, how- 
ever We also find that there is a tirnt^ delay oi 
C-10 years in the rosponse to price changes. Thus 
one cannot expf^ct electricity pru.e lisps to be 
a near-term solution to the, ^^roblem of supply 
shortages. 

in ar^other area, we have calculated the total 
enorqy expenditures for .growing, processing 
tra'^.sporling. selling and consuming iood. These 
activities use 12 pGr cent of U.S. energy. An aver- 
age* of 6.^ British thermal units iBtu) of primary 
energy is needed per ^Btu of food energy used 
by the consumer. 

In encray usn in .tht-? industrial sector, we 
oetof mined the energy consijm[)lion for recovery 
of a number of important mejals fiorr^ virgin ore 
For c")mparison. we also obtained the etn^rgy 
needs when the same metals* are obtair^ed by 
rccyclir^O Those vary from metal to metal. At 
one e^tlfonie the rro^y^-ilo of magnosuim would 
taKP ^ 2 per cent as much enerny av rocovery 
ho-n snaw.iter. v\hil»^ lerycle of iron would take 
as ppr ri.MTt as niiK'.h enpigy as p'ocessing ore 

Information 

A fii^-^l area of study ffif:^als with basjc energy 
n^omvitic"'''- With .rapid pf oliteration of inforoia- 
t'-'M in-s 'tf'Id n^'.v *^t(*^faae and rr»?r:pva' systetiis 

V\o aro buildinq an extensive computerized 
c,yst'-!n .'n Oak R.dqf^ v.ah info'mation on 

pni-.'oy !hp < m'-v" 'viaw^'M anti rKK;;»My One o^ thp 
ri.'p^jtf^ Vom VLS ♦iv'^-l'"'' ih'"'" "^i^f^-hly journal 
.\"^f 'HANN Enorqy /l/.)s/rac;s 

Oth»-rs are nu'no.ious snafChes a^vi special- 

i".;':;:)SCS l;:bl! ^''0.' a f jh ?.'^S V.lv'^h ' WO nrO[\ire tO 

nif/r't »hp f*f^P(]c; a Ffvk^ra! and state annnces 



^v- n^ ir tr^i-.nANN i^^s^v'Hch .onoi^erqy 



: .'t^«;. !\':V.H\n \){:*'\ :\\ O.^k RiucK^ anc; pisev.hfup. 
'\]Vir>>'] i'^ !. ImrAMtarit af(\'TS have btH^n 

..'.'•'.\\\i>rn f.jt n^.;'0 •^Nf^r.v'-t onrMoy u^f^ The fr- 
i-r h 'iVSli'!'- *\ir'\ h,iv* U^'.J t^> tj'MtfM puhli'^ 
1 ,; . .'u-.^; ji-: *. jnvr^i'.t! .a.vf .U' 1 '*HliS- 
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ENERGY UNDER THE OCEij^NS 



Irvin L. White 

. \ Assistant Director 
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"I ^1 'Ms^M^d by'thp RANN Progr.im 
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. sM'.i^ rvviiul by .ir- o O^V ■^'•^'i'^ i'-tcv- 

IJ'i-vt^' 5.!y of 0^■a^^on\^ A .'Oport ^ 



BacKground 



I' ■! 0 



■ i 



- . Oiitor Continent.?! Shelf (OCS). 
,^ ■ = .N'- Innds o^ffshorc 
^ 1) ! i.^iifi in the lovvoi- 48 ttnt»-^s 
North Slopo of Alask.'K 



.f!^ ! ^ou- Sources of Domestic Production 



:.UH- ? Estimated U,S, Oil & Gas Consunnotion 




^ .; ■ .'I » • ■■ i C ; ;S I' » f r; 1 ; ! S P (' 



r 



oliiTiin.il'"» If'O nood for imports: hovvt'^u-M. [.vo(iiu:- 
Iron in thoso arcns can ft^sson thi? ?;tiortnao that 
* v.il! \^';»^!j'tV.hOf^ imports art"* cut of! 

. in movi!>q to dovolop dofTiost'C rosouiros 
t\^.,iV-l"i«*''' ^^-^^ di^p^Midcnce o'nM'oreign enofOv 
svufces. those making the decisiotis nood to bo 
mformPd about the costs and benefits af^sorintod 
'"W'.lh d'^volopi'ici each of tho a\ailab!e da^Tiostir 
aitof n.i!'V» Tht'sc uolicy niakfis nuisl st^'k • 
b.iiafx:*.' ao'^Mods tor ptotoctinq tlio onvifOt^nv fU 
aoa. nq* l-^'V j- -u ^or nijro enorqy. 

The Study 

Th.s rp.tiiy sols tho stage for what tho OkLv 
hofn.i a^rv'ssp'>ont was '\\\ about Technology as- 
noss-i^*;?'* an jttompt systematically to identify 
ana!y«''- a-v! .iluato tho potential envif onmonj;-}! 
!ea.)! ;?•■*!■! .: 5I .m-l other social impacts of .i 
tPchfv,?;ogy in this study our objective was t-- 
\n,iiy:?r'- tho :}f0arj social implications 0^ wh '.! 
oovo' '■'I OCS .vl anci g is resources \\ouM 

F'^ :. " rv in ti^f^ United States now -s 
' v'. ' * .1 h'qr'.ly-charqed poht.cal o^ 
. ; 'ip:^"'*-'-* * A ■ v^c'"'if^ for spovironmetMnl qu.\!itv 

-i'-'. : tho eavironmofit:il impact 
C\,.\ .■ 'w^t ^prct*ic*ai!y ^\wo siqnifica'^'!^ 

•.-i'^--;- ; 1! contex* v.ah.r^ v.h:Ch ty^'^^'n^ 

■v^- :, ■ ■ ' i'^.^^f.. u^t.\ B.uh.iM rM^w;.. '* 
.-..*,... ■ - . ■'^C, . * J.; v'V'> l-r-n.-'ly .if' I'-s 

■■■■■ ■■ ' ; ■•■ . ■: ' a.;s''V naf - '.i''y s^^ i;- ■: 



Focusing on iht^ future, we had four majCi 
ob|Octives for ou. assessment. 

* • Assess a brocd range 01 social im- 
pacts as§ociaied with the develop- 
ment of OCS oil and gas resources. 

• Contribute' to rational policy-making 
for the OCS. 

• Contribute to the formulation of a- 
social-technological • system for the 
development of '^OCS oil and gas re- 
sources responsive to broad social 
concorns. 

• Make specific recommendations for 
changes in government policy and., 
administration, industry management, 
and technologies which will contrib- 
ute to optima! resource development 

«on the OCS. 

We began our study by attempting to learn 
about the physical technologies, the hardware 
oemq used on the OCS. Wc acquired this knovvl- 
odqo by a number of moans" A petroleum engi- 
neei S[X"?nt i yf\ir.*f,!th our qroup: v-o madr|sito 
Visits and v. ^ maintained extensive contact with 
companies ai'd individuals within Iho petroleum 
'■\lustry. govcnment and environmental groups. 

VVp also atidressod.-sequontially an(J systom- 
atjcally 'four oasic questions- 

• What are the issues, technological 
and otherwise? 

•'"What ,f actors contribute to these 
issues? 

• What appear to be alternative so- 
^ liltions? 

• What are the costs an^d benefits asso- 
dated with each of those? 

Aic:i. a; c;f.ve!n! stnnes dm-nq oiu st-idy ac 
'liiri^l ;vf I'M' H y 'h.it Wfvo i'"'vio\'.od 

*, '!'- y .1". \^\ 't' i<-..l:-'^ i^y n-v^*: ^■:"lm 1'*. 

: , U; ;VO* '""MM ■; ».| i Vf -f . " n ■ "t . J !!*. !♦ i ■ ."},'< ..JO 

>'i '^1- c:f i!;';;;^?s V. •.' Cv"vfa 

.-. \: \ \--- (■•■ ■■ s' .ly ' ' " h 

! 1 1. ■ 1 . i ■ ■ !■■ r 1' n^!.- r 3< ■ 1 ■ iS^ > t • - Irq.-i!' i ! !■ • 
/ J." . i*'*^" - ^- ■; \v.\. - 

A* »'!•• • :<^■^. ■ t 

■ 'i - !■ I*" i ;^-">'-f -il 

/ ; • , *•!•■■..'■■.' ] :! . i! '. ■: iti. . r >■ f:i iM'^K} 
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sessinont Vvas mappfopriato for this paiticulnr 
pii)l)lom area »Tociinoloqirs usod on t|ie QCS 
pf;''vtvt to {pl.it.vcny slal^ii^ iUnl toohnoh^iiical 
aitomativos liniitod. This tunnM ou[ to bo an 
aroa whom tochnological bro^ikthroughs havo not 
occijriod Technological chafigo has bpen and 
will coMtmuo to be'giadual unless ther9 are maior 
now mitiativos by industry, govcmmont or both, 
hio'.v tPCti*'Oloq'OS a'<^ mannriPd and jpgulatod 
•Ahat wo canu-* to cjll tho social tochnologios 
pravod to bo thp critical tMomont tins problem 
auM. As alicady nolod. this is due pnmaiMy to 
tnrop ''najCM- f.. dors' (1i changes in the social 
co'itext vMlhui vNhich OCS policies aie made and 
jdnnfiisUMod (2) clianqos requiring that attention 
be pa?d to novv concerns especially for environ- 
nu-rtct! qual«ty and safety ar-d (3) changes re- 
cv.:-'i/)-r} th:t! pa'Mcipat^on be exf)anded to irTcUide 
other?; 'V acidition to industry and qovernlnent^ 
'm>\' p'W:riMiniental ana consiirner inteiest 

*t bocanie clear that most of the 




•.:ps. 

'■'M'^vq-^s ir.;u''ed to ojov^Ji^ for opt-mal develop- 

'M i-vo'vi^ beh.u'ior and ^rlanonships o^ le- 

s:*-.'^s i)lt^ pO'Snns in^jrviustrv anr! qoveirUTient 

■ "it^vM ;hif» h-udwa'p thn focus of the assess- 

/.as s'^.'t^'d AlUu ^gh, phyn^ca! trchnologir-s 

.*.tM'' sMi !o be assessf^d. the major effort was 

f-* ;-f*/i *pfj to beconv.-' .'in assessrnent of social 

*. ^q-."*? associated v.i!h \hr present and 

'fj- •!.--.t'i ';vM»M^t of OCS r\\ aPtl nas rosou'ca^s 
« 

: pal'Cv iss']*^*"; relat'".! t'. > ni'tiruLi' 
c'^ie^ raPto r^'oarts v.eio iU'^'^^hf-^^d 
teso""-S'S Uf'ti'rv'ti a*'d ana- 

^c::'^v'^v»'^'la! 'O-'.^ aci^'Ove desiiable- 
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Mi-^ *'q ctMt fn '.jfidesnable 
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'ji^s As i\ or^s^qiience. 
I .'1 th'-^ study v.'^M^ frv ihn 
;■ ]' Th.jt 1^ U^p as'-^^^ssniPvt 
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iri.M"^n .rin^rvs!ra!;vf' 
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Issues and Hecommenjiations 
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and gas resouices to bo found, developed, pro- 
duced, and transported safely with minimal ad-- 
verse socini impacts, our assessment identified 
a niur.bin of tecfinological v/eaknosses which can 
be divided into four categories; 

9 • Some technologies are inadequate. 

• Some ^re only marginally adequate 
pnd need to be ijyiproved, 

• Some technologies now available are 
not being used as widuly as they 
should b^. 

• Some technological gaps need to be 
filled. 

\ These weaknesses are described in detail in 
'rgy Under tho Oceans. An example will suffice 
for purposes of this summary. 

Almost everyone who studies OCS technolo- 
qios identifies downh.olo safety devices, or storm 
ctiokes as they are uon^moniy called, as being a 
v.eak point in prcductiori systems These devices 
are intended to shut down a well autorriatic.ally 
wfien an accident occur s- 

■ Two alternatives for dealing with this problem 
are to make the storm choke riiore lehable oi to 
reolace it v\'ith another valve. 

Actually, an alternative valve actuated from 
thf? surface is now available and is being required 
almost' all neU wells But theie are a larae 
lujrro.M of old wells on the OCS This seems to 
t all for dPV^Moping a technological capability for 
ipnlacmq vt^locity-actuated valvos in old wells 
;Mth f^-^w 'surface-actuatx^d vaives tfiat would still 
ne^n,'! production rft an economic rate 

It is^H^iportant that this example of a techno- 
J.tqiral .wtMknf^s.'*. kept in (.perspective. In fact, 
we f'.vanci tliat most siicfi W(\aknesses conid be cor- 
it^ctC'.i by employing state-of-tho-art engineering 
• .■.pat;[aties. 

Hj.ivlnq id'MUifi^^d a number tr^rhnoloqiral 

ikr^iessns. we askofi why they exjf/pd Tho an- 
'S tted to tne v/ay OCS policy was made 
arfi ad'pinisteted beforn Santa Barbara and to the 
r 'csorl character of the pptroleum mdustry as an 
'-iqinr'f'i ;''n commuJ^ity Unt-I very recr^ntly. stand- 
\'.i\<^. tis^^d f'U dnjprmininq thn afifCjuacy of OCS 
icc h'^-'loQiPs havo"b(^nr^, basfvl larqely on indus- 
:;y s iMdqnv'.'ra 0^ what w.is economically f<\isible 
[-^•f.)f..^ fwpj^s sucii as t[io Santa t^arbara bUnvout 
.itli. K^tpd V. idf^spmad paitVic attention, continuous 

hfMMNoM m pnliry inakinq and adrinnislrati'On 
f.'i 0C/\ (U^y''ln^n\r'\\ had honri [orotty much hm- 
■ !•■'} t-^. q- .V 'I n'mr M it .intl fyliisUy The rul^s and 
'.N'j'j! i? ■ ii^l'Slv^a hy i(".p.^Mr;,|iin novnrn- 
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inent aqorci'.'^s h:Ki iisiMlly statoci objoctivos falh(^r 
than ciotailod 'spocifiv-^ations a»i(i standafds "^ho 
Miost detailed rulof;- — OCS ^ud^V'S '^.mi^d for oacfi 
US. Gooloqica! Survey Arra—had bopn aful are 
tho nrc^duct |0f an institutionah?od process of 
qovornniont industty cooporaliof. Perhaps as a 
consequence, qovemmonl roqulation had tended 
to be heavily dependent upon industry's ohqineer- 
I'^n and operational expertise when pstahlishinq 
OCS requlalions. 

In shoM as noted ear tie/, the system of 
manaqinc} and conti oiling OCS opeiations had 
been effectiv(^ly closed to outside influences on 
a contimiinn l)asis When it was su'bjected to 
close public scjutmy ^oilovvinq Santa Barbara, 
son^o of tho disadvantaqes of this closed decision- 
making system were identified. Specific disad- 
vtiMtaqes include' ^ 

1 A te-viency to develop technologies 
Ki a stt:p-by-step. component-'by-. 
component way. I'"> other words, the 
development of t€ :^hn?tcQical sys- 
tenis has not been emphasized. 

2. A ♦nndency to do things as they have 
'ilv.ays been done before — to the 
r^c^'P-t o^-carrying a KT^d-based men- 
lal-ty offshore 

-J Ltit;o appfocatiOfT o\ use of^iuman 
facVofS des:gn cntona despite tho 
T-a* ^^L^mrii^s un singled OLit as 
ihe ^^^^^st acfiJents 

■■I U'"'-' \'?fy f^"»r^p'itly 'w 1 nriust! y- V. id»^ 
syS! ^ fOt S/S*orTvitiC.i.Ly rop.":t tmo 
u^"' .v''-a'y7"^a ^:a*. I on accident -r^-: 
::^'MO'Tt -.v^i'^v^, thotpby N'io 

I- Q . •! ^ '.■ • 1^- ■ .■ = iv ■ -yr. - : 
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As indicated earlier, we also looked at the 
social system of managing and controlling OCS 
tii'velofnnent Again the approach was to identify 
v.laat appeared to be ma|or- problem areas and 
aitemij^ to detormi^ne why they were problems. 
We were able to group these into four major 
CiUegories: 

1. Issues that arise in connection with 
* the availability of information Ltnd 
data. 

2 Concerns for environmental quality 

3 Problems of gover nment management. 

- -1. Jurisdictional pr'oblems — between 
agencies within the federal govern- 
ment, between t le federal govern- 
.ment and , states, and international. 

Take the background data issue, for example. 
It IS really striking that both those who favor 
*and those who oppose development of OCS oil 
and gas resources seem to believe that their case 
would be made if we had complete kriow'edgc 
of the effects of oil on the marine environment. 

Opponents believe that more knowledge? wiU 
show that the effects of development an? so 
soc<5.i!ly undesirable that development would be 
stopped. Proponents, on the other hand believe 
that more knowledge will show. that there are no 
Significant undesirable effet,ts>. 

But the important noiicv point conc^rn-nq 
!hl.s i?;suf^ is that acquiring, anything hke com- 
plete data will l)0 f^xtrerT^ely long torm ano 
oxnofTsive Decision maker?; simply :i»e n.ot goinci 
\n /vive complete data upon wliich to base tJanir 
.it-^rir.JO'^s They wiH have to opofnte Wilh solec^eU 
of data anrl a hinh deqren of unceitMinty Thr\ 
t^'jliry \^^(^(\ IS. trj irj.-^nti^y Ihe n^-^st 

■•'vi)n,i}.itr^ 'V^eds .I'^d V) r.(^t If'^.tMich rS? :(*( ities so 
it Ih-"^?;*^ nereis cm be niet 

This ;fsS!i<^ toqp^hfM '/.:th thaso roncofeing 
. i.MVM.^rVi -.1 cjij.ilify q ^v^'M -.n^i^n! h> in^Mi^^^tU , 
i;; ' y.{\'C\\^l'^ .in- Oisc iis-^^ -i .irh"'ri;'i ic [ rrnjy 
'^^fi Or.-^.jns ir^ to .i'- .i- '..ilysis 

■ h-r^ . lit^-r fMhV'^s Tl^«^Sf^ a"\rys-^s .ne 

/.'" f ' -1' / ■ X ^ ■ 1 'AiN. f ' i \o«»«i.iM<.j ... 

■ ■ " i'. e'lV 'it - "'-^ i» iM '"( r II. '.^'f i'- 
» ■ ■ • ^ f ■.['■; 1;']: ■ • > : l ' ^ ' ■ ; ■ j i ^ S : . t i • i- ^ . -V ' 
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ffient" arid are intendocl to provide for flexible 
policy-making and administering system which 
wouki promote optimal dt ar)d qas dnvolopmont. 
In forn)^ulating this plan, it is assumed that' 

• Policy must be open and formalized at 
every level within government-^and 
that this requires substantial lead time. 

• The burdeh of insuring optimal OCS 
development falls on persons in gov- 
emment and industry who oversee 
and conduct OCS operations. 

• The decision to dev^op these re- 
sources can not be delayed until com- 
plete knowledge concerning social 
impacts is available. Indf ed, a major 
requirement for optimal OCS devel- 
opment is a management system that 
can accommodate conflicting data and 
interpretations as well as conflicting 
goals. 

In r-ui- view, the system for managmg and 
.ujTi'^.55!vr:ng OCS Oil and gas opo^'^ttons should 

V E*^"^ctlvely coordinate long-range 
pla^^.n^ng ariu pohcy-ninking. 

? B/o.i'.^en participation m OCS policy- 
s -*y\rik;r.g-and administration 

3 [Vj.l-.V^qrenter f^xportise v.-ithin qov- 
.-imr-^ont *o nnh^nce the regiilatoiv 
■■;.^;:.'1:--.'m':(^S Of •'n^OOns'b'r acienciOS 

-\ P^ov:Oe p'^O'*'^ oxte^'SiVP oupliciy d'S- 
.;i-'^sa:;!e iMfo' n-.r^iO'^' a^Kl data for 
r-:i\ f^Q qovv^^'^io'^t nanaooment de- 

•'■ \\y.^ iM i^*' rt :M = .ili.^it'^"^'^ o^ 

C!,:'ify jur-^cct'onai oap«^ and am- 
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We also are relying on this expanded impact 
statement process to provide the lead time, the 
additenal information, and the early and broad 
pub/u: access to decision-making which will be 
required. 

Seven Steps of Implementation 

We recommund that^this process be instituted 
in seven stops: 

• A 10-year development schedule 
should be published for OCS oil and 
gas resources. 

• A programmatic impact statement 
should be prepared for each of the 
regions included in. the ten-year 
schedule. 

• The present five-year lease schedule 
should be modified to identify areas 
on the schedule by coordinates. 

• When an area is included on the five- 
year lease schedule,^ data should be 
collected for the lease sale impact 
statement. These data should be made 
available to the public. 

• When an area is included on the 
five-year schedule, the National Oce- 
anic and Atmospheric Administration 
should initiate continuous hydrcfcar- 
bon baseline and toxicity studies as a 
base agc»mst which to measure future 
Impacts. 

• The draft lease sale impact state- 
ment should be made publicly avail- 
able at least 15 months prior to public 
iiearings in order to provide time for 
public response. 

• ^ach draft lease sale impact state- 
ment should be reviewed by an ad 
^loc committee appointed by the Com- 
mittee on Environmental Quality. This 
committee's membership should be 
broadly constituted. 

^: Those recommendations summaM?o our pro- 
for modifymq the ovorai! pol'cy-makmq 
?^ySt(Vr> V;p o/iM-^h^i^i/f'' thnt nui oh}''^-tivn in usinq 
thp irno.ic.l '^t-i^riivnil f^forpss to U')}C*'^ planntriq 
'S not an /i(hv]ua;r? subsliUilo f^r n land-i:sn 
;:!nnni["q system. VVc choose "it bocauso. in thn 
\V:^{^r.c<' such :\ sysl^Mn th^: impact stalnfnont 
:v"^^• ss a fU^xihi^^ 'tvmh^* to pKwidn fo^ 

.t'ht i:-l*'-!!i(ifnt OCS oil .\ni\ OAS (iPvtMoomont 
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sibility for dotaiUKi ni.mnqomofit in Hin Gecloqicnl 
Suivoy. This would r.?ruilt in .i IrjuisfiM several 

Wo also feco.nimonci expanding tho Survov s 
rpspof'9»oiiitios .inci sicinificantly I'uyeasinq its 
*urKi:rHi ExpafiOing llie Sinvey's capabilicy sooms 
to US to be a' noc^ossa^y cOfKiition for aate 
opornt^ons. 

nu"-' t of -1 ".\sVk\ Wo ''ecof''^'i"'»''^ui n-:it: 

f USGb establish more detailed per-, 
formance standards for hardware. 

• USGS undertake li.i expanded pro- 
gram of hardware r,tiD and testing to 
back 'jp^its regulatory proceps. 

f USGS and industry undertake efforts 
10 improve the training of offshore 
personnel. 

f Industry focus specific attention on 
the use of human factors criteria In 
equipment design. 

Conclusion 

r-H.is: OC^^' r^:f. ^u'C-'s cir bo 

•A ^^ - .li'-.-'li-i;-' ! 'I* .1^ ^l"!--' !;^vPi 'isk 
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tivity of tho system of managifiq and controllinq 
OCsS clov(MopmcMM. 

As iiulKMt(\l oailu'^i >\t' mado it a [)oint to 
nMial.iKi contact with lh(.^ potent -.il usp'S of our 
study s rosuMs Wo also have been active »n pio- 
aioting uiihzation of our results. PubHcation of 
ouf report was announced at a onp--<ay sym- 
posium hold at the National Acade.my of Sciences 
Dviih^the ropoit anri a summary volumr have been 
?.ic1tMy distributed in irulu.-^lry and qovorrmirht 
Wt^ biit-:fod Conqressional staff mnn^bprs in a 
session. :)ro.uii/od by tht\ Conqiossional Rosearrfi 
Service Ouf report v.aJ .i referonej^ doru'^^cnt 
for the Council on EnviVonmontal Quality's na- 
U'V.),\\ hnafinqs on devel6pinq ^ Continental .Shelf 
r,\^ af">vj qas rosc^urcns on ^he-Bast Coast and in 
tno Gu^f of Af?isKa Wo particioated in those 
r^'Uinqs Tonethpr -Aith tho Na['r)nal Aradnmy 
of E^'fjirn-prinn ieoo»t on the OC? our stuciy w.as 
bas r decunient for a ^tun^iay Resourrof^ for 
t'T'^ Ful'jr?? sy^H^osiuni oi^ OCS techfTcMoqios Vvp 
*^;V-e "riade a 'a'ge ^^ur^'^bn-r of ojesent.niono to a 
■..p of q'oun.^. ) 

A!' tfU'S.^ havi'^ f^t ii^'.I M h»>lp to nviK'.'^ 
msuits of l[iis asSiiSSfnent KruHMi to piTS-)nS 
/. n-': ^:(' iniorpsted -n or h:ue ii''S[')(^nsibtlin»^s 'n 
■ o-,•v^^^^'^'^ W'th OCS o,l ann na? r^^wU^pmpnt 
Ho/.r-ver Of 10 of the n\'^st imnotiant factors In 
:'^?U'i'^n U'.o rpoo't vJH bo -va? been ou'' 

.' : •nt.fv,! MCI rn'rinni'^iC-lt'tu^ w^}^ ipp Geoloqir al 
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T^e iochno!ct5y assessn-ie^A of Outer Con- 
r:'^^-^V^»J S^^ei* (OCS) Oi\ and gis ope^^t!0^3 by a 
rt^stwch te.Tni the aegiS of the S(?rence 

.ind Puwl-c P.-^i'Oy Pfograr Unaorsity of Okla- 
hoHM .f> 0' spnc'.ii -s^fiiUicance vto the US Geo- 
loq-c.">.l ''Su?\-^> ^ We have the ^-esc-O'^sib'lity for 

OCS -A- : .t «^''o^<r :QD :o soo trat :h.s\^k is 
vii y"-** aC'^"\:a'^ro /..th tho in;. — sa*0'.f v^'thcj*. 
, ; v-'' -JO,-! JO *''^e '0''*r:'r?''>! a^^ci *«ee;3'^G v«i*h 



USGS Involvement 



Tn*"^ .^-..-^.vys '-esc . '"'.c'vos tr^e "''sa'^t- 
^r.,-->*.'-'^t 'v.^'o t^a-i " : 'o.'iSvs p'?ar!v 

r r". • P r^;i' i 0*^ v^-*--? "^"^cir -t:;..^'-^ ^ y-"' th^- 

...... , .•. f"' ' ''T - 

., ^ . . T".. -j.-.i ; ■ ' • . ^ ^ O' "^- 

...r A.-.^- - «t ■ ■ '""'.n 



€ Good systems dosiqns and construc- 
tion 

• Redundant safety systems 

• framinq of personnel. 



• Accident and c"^uipment failure re- ^ 
porting, • ' - ^ 'i' ' " ' 

• Corrective action procedures. 

Currently, there are 12 OCS orders covering 
the Gul* o* Mexico' area and 10 for the Pacific 
Aiea iSanta Bartj)ara Channel). Theso* are tho 
c^'iy tv.o a^oas Vvhere OCS operations are now 
L"o-'^g co'^diicted. 

Othe^" eJ^'nients cf our strategy are* 

• An effective inspection program. 

• Safety motivalion of operators and . 
employees. 

• Research and development. 

• Third-party review of our policies and 
procedures. 

• Environmental assessments. 

'/f.tn y^'^s^ f' foments rnind and with regard 
' '/'^J{.\r')'^ i}\ ?ao fwtu?.; th.U (Mn fesull from 
v::-f'^''\i["^" '.'^^ leasf sales i'"ao new <irOaS. 
-"vr'^- ite-s a'Mj ;i,fferr":t envi'-jnauMits. I com- 
'^■.T" '''^ O^'a^on'a report. 

Report Review 

Ovff.;! \ s v-ry q.y>'-\ VVi' Aoicomo it and 
' -J :-'St)'^'*'"i ear-.h the applicable 
....v., /■..;;•,» v's ''K.\ v.e already have re-^ 
^. :■ : ; ■ :t' i-.y th-MT. j r.-^sult miple- 
'* i^l.VS (1^ v'l:;p»»d 'f^ M'-s()jn.S(^ tO' 

' ■ ..■-•^'.-'•■j it.,v^.s tl"er t\ir!u^r f •»p(;Ms-.-Oi^0 
! ^ • . 1% '-"Virr ♦f'^m SA'-A .ifVithpr iri-hou50,by' 
t * '.J.'-G"^- ^y''r'.''"f's .rv^lysts and thr^ third 

^ f ' !^'..^ '/.f>'ip ^"1 *^ Njtional' 

. ' * A ff'p-'ft .";f I'^esp plans 



'\-;"!Otts .T'"' vn:).i!ilr'--- .\r.ci many '"^f 

. v-^r Ir^ ;J»\.}th r'.vis»dOf a- 

' r, v. -f -"..If .^rvvrr^fit and (unsd'C- 
}! • / ih'MTi 1 '^rii'ly ;is is its 
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tions from these seitions \wijj contribute im- 
portantly to "rational OCS' policy making" ana 
to "aptimal resources dovolopment." l6 quoto 
objectives from ^the purposQ of tjie stuUy. 

Of tho 12 re^commendetions under '*Manage- 
ment of Techhalogies.'* 9 aie aimed directly at 
the 'Survey and b at industry. Of the 22 recom- 
mendations on "General Policy and Manage- 
ment." 19 involve the Survey." And all of the items 
listed under the recommendation for "Specific 
Technologies" djrectly affect the success of our 
lease management responsibilities. 

Referring now to the category on Manage- 
ment of Technologies, herewith is the status, in 
brief, on the 9 recommendations applicable to 
ihe Survey: I ^ 

• Standards — Standards for the critical 
items of equipment are being developed 
under a joint American Petroleum Insti- 
tute-USGS committee arrangement lhat 
involves the Offshore Operators' Com- 
mittee and the Western Oil and Gas 
Assn. These will be submitted to the 
American National Standarls Institu^te or 
other appropriate standards-setting or- 
ganizations for review, and included in 
v.CS Orders by reference. Quality con- 
trol procedures for manufacturers are 
included. 

Failure Reporting — As announced in our 
news release of June 14. 1973. w^e intend 
to establish a failure reporting and coi- 
recti^p action system. A "safety-alert" 
systi}.m for immediate repcrtinq to all 
lessees of equipmen^t malfunctions, acci- 
dents or near accidents IS aireacy in 
o^Uy t. 

Review Technology — A Peviow Commtt- 
too .mder the auspices of the Marine 
] Nnt'onal Academy of Engineering 
has .iJ'-eady boon established to servo 
:iS «i third-pnity audit cf our procedures 
" anrJ oooratic ' and to leview siriiti-uf- 
th^^^MM toclv^oloq.os 

Personnel' Training— A joint American 
Pp*r^lotim Institutc-USGS committee is 
WrfMdv wnrkiriq at ostfibiishi nq curricula 
.i'^-''! tfaiHinq roQuiremont^ for, operating 
Po-S'^^nol. Wo are also estabhshinq 
tor'i"^<^! tfaininc requirements for our 
insr.f-rtors / 

Industry Cooperation — Tf^o jo.nt Amon- 
r..]'^ P()\\o\f?\im lnstitute*-USGS comrr:ttoe 
c: [f.i:n<nq is also dovolopinq proqrams 
inr c..}<p{y motivation V/o hp.vo vilroady 




obtained a Department of Justice opinion 
that information exchange in the interest 
of safety and environmental protection 
IS not in violation of Ami-Trus* Laws. 

Subsipa Production Systems—The first 
OCS proposal for a* subsea production 
system (i.e.. more than one well) is prj9- 
sented in a draft Environmental Impact 
Statement now being aired publicly for 
the development of the Santa Vncz unit 
in the Santa Barbara CharmeL 

There are. of course, some conclusions^and 
recommendations in the report with which we 
do net agree, and we are aware of disagree- 
ments by others, both pro and con. But this is 
to be expected from a 380-page report of a study 
as comprehensive as this one was. Disagree- 
ments are. of course, healthy, for they prompt 
dialogue and help bring out the facts, But in 
some cases, they have been presented out of 
context in support of an extreme position, either 
to discredit the entire report or as a basis for 
condenination of all OCS development. 

It i^ important to recognize the overall ob- 
jective of the study — to insure that development 
of the OCS is optimal in a broad social sense— 
and to recognize that individual recommendations 
are made in the context of improving, not con- 
demning. OCS development. This is the way we 
in the Geological Survey are viewing it. and I fee, 
^certain this was the intent of the A*ssessment' 
Group. ^ 

Non-Concurrence Discussed ^ 

Our reasons for not agreeing with threeT of 
the reromn;endations in the fvlanagement of 
Technologies part of thp report are as follows: 

Accident Investigation — We have not es- 
tablished a board similar to the National 
Transportation Board to investigate OCS 
accidents. Our present practice is to 
have all accidents investigated by Survey 
. personnel in accG«da,'^Qe ^A/ith fiypH pro- 
cedures. Major accident reports will be 
submitted to our Review Committee 
(mentioned earlier) for review. While we 
consider this procedure ndecj^iate tor the 
present, we will give further considera- 
tion to the establishment of a separate 
board. We do intend that all reports of 
major accidents v^ill be made public. 

Personnel Standards — We have not yet 
concluded that certification of company 
norsonnol is a viable procodurp for in- 
suring porformanct' Our [)rosont objoc- 
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tivos are to QStnlMish required standards 
fof training oi expeiionce boforo allow- 
ing operations to piocood. Coititicatiori. 
per se, mvolvos numerous problems ol 
establishing certification aulhoiities. up- 
dating, employee union regulatioris. an^ 
State laws. We feel that training and 
experience standards may serve the pur- 
.pose effectively. 

Governmenl R&D — We have not estab- 
lished an in-house research, develop- 
ment, ai^d testing piogram tor a very 
practical reason — no funds. But that is 

« not the total reason. We should have 
some capability for research, but we feel 
that the ultimate responsibility for safety 
and pollution prevention rests with In- 
dustry. Accordingly. 9ur approach was 
to establish an American .Petroleum In- 
stituiO'USGS^R&D committee. to encour- 
age industry* in this activity. A list o^ 
pertinent R&D items uncVr invosltgation 

* ts being completed together with a list 
of those items that require now or lit.- 
proved development. Wo have informed 
industry that in those cases where they . 
do not respond to R&D needs, the Gov- 
prnr^ient will undertake the 'work. But 
uvori so. public funds will need to be 
provided. 

Concer.'^inq findings of other parts the 
?luciy-"-tho publication of a list of ■Inadequate 
CofTiponenls ' called for in the recommendation 
uMdo*- Spec fic Technologies, will be a natural 
'■"•■SMit 0^ oui aforementiotied faiUro reporting and 
c- -i.f'ctivp action system. Further these results 
v.=!l provKi'^ :nformativ)n to an established re- 
s"a'('h f\)fnn^'tte^' to idPf^tify \\vn^^ for rpsearch 
.rnl development The hsts of cortipnnonls to be 
dev'ii.^ped. irT^nroveH anrj ripplnypri vviH bo pabSecl 

;•> th'-^ R&D co'^Tvittoo .vui to a Standards 
G :'mmm!!»m^ v.hich is cu'fontly very active The 
lat!*'f r-onvn:!tee, by the way aht\iUy f^as liraftod 
ii'"^t.*!'te;i sta-'i-M'.:?. tor iriiproved downhole safety 

res f^M-^ /iTp cuMf'-ntiy bOi'^q f^viewed. Sanci 
i]i^v,.r,-);y)VM^t rierl starHiaids orc high on 

1 :*:t u- [M uif ilies 

t shnM (-nmrT^.enf or^ jho "'Gonoral 
P.j-if y .md Mmd ige^npnt part of the report. While 
/.e jn-ee thai f^iomvMion anfl reqiilatmn functions 
^he.u: j ter^'.airi divulPci b'Mwoen \\^n Ruioau of 
I. if'-ij Ma.'\^nernent iBLM) arwi USGS ^o [Kovidf^ 
i c ;fi^:nvj'Hi^s ch»'rKir^q mechanisrr. we rjo not 
.ir^'.^e th.r the f^iiivoy should \l]kn the lead iri 
iw.-;) umq :u amniatir p-'A'm or^'nental in^pact 
s! ..t.'»rv:«':its f-^ '.(ir.i.'nrrvitir civu^.-i'is should rr-- 



mam the responsibility of BLM oc the Council on ' 
Environmental Quality, as Is the case in the en- 
vironmental assessment of the Atlantic and Gulf 
of Alaska OCS. We. as well as the National 
Oce inic and Atmospheric Administ^al^on■'(NOAA) 
and many others, provide the geologic, geo- 
physical, seismic ar:id other environmental data . 
and analyses that are necessary for a" full en- 
vironmental impact assessment. 1 believe this 
procedure complies better with .the intent, if not 
the organizational structure, of the study recom- 
mendations. The matter of sufficiency of data is, 
of course, a budget problem. 

Concerning the concentration in the USGS 
of 'all management responsibilities on the OCS. 
we^re currently .working with the Office of Pipe- 
line Safety, to specify ou.r respective roles. We . 
met with the Occupational Safety and Health" 
Ad.-ninistration along the same lines; we^-^re 
developing understandings with the EnvironnTental 
Protection Agency, and we do support the Fed- 
era! Power Commission in providing estimates 
of recoverable gas reserves. 

Lastly, by a recent policy decision, we now 
publish all new and, revised OCS Orders in the 
federal Register for public corriment. 

Conclusion 

There have been numerous studies, reports, 
rrieetings. symposia, and legal actions corncern- 
ing the development of the OCS. Several are in 
piogiess and many more will come, ^nd this is 
as it should be — on the one side we ave a need 
tor the vast mineral resources that ;ie beneath 
the ocean floor, and on the other side there is a 
grave concern over the effects that the exploita- 
tion of these resources will have on the environ- 
ment and hence n\\r futuie well-being. 

The significance of the offshore to our na- 
tional well-being, especially in these times of 
critical energy shortages, is clear when one 
realizes that over 11 per cent of the total 'J.S. 
oil production and 13 per cent of the gas pro- 
duction came from the OCS in the pai^.t year: 
that this production in cor^fined to a very small 
portion of those OCS areas which have petroleum 
potential: and that discovery and development 
will hopefully be accelerated as a result of tnpling 
the offerings to throe one-million acre fease sales 
per year. 

The Oklahoma reT^STt has gone a long way 
in identifyng means of improving development 
in \h\s important area, and we commend both 
NSF-RANN and the Univornty of Oklahoma on 
tfie study. 
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IMPROVED TECHNIQUES FOR GASIFYING COAL 



Arthur M. Squires 

Department of Chemical Engineering 
The City College of 
The City University of New York 
New York, N.Y. 



Our natiorVs capability for producing natural 
■gas peaked in about 1965. and the chokes came 
off our gas wells tn 1972. We now "are producing 
•gas flat out. yet supply cannot keep up v/ith 
demand. In a very few years, prpduction from 
deposits of high grade ^as will decline. We may 
be able to holu our own m gas production for 
20 years or so. through vigorous exploration as 
well as production from tighter rock formations 
and from smaller, more isolated deposits of gas. 
Early in the 21st Century, however, gas produc- 
t:onv*.^jil begm an inevitable decline. 

There is time, perhaps, to do something about 
the problem O our declining gas supply in the 
21st Century. But what about immediate eco- 
nomic effects'!* Growth In natural gas repre- 
, sented more than one-half of the g.'owth in the 
United States fuel market between 1947 and 1972. 
Inability to sustain this growth in 1972 was *a 
sudden, drastic change in the U.S. economic 
scene, cro-v.-nq problems long befo'-e the current 
winter s cnsiS. 

I hav'? .i nophew in Illinois who grows corn 
and soybtw^s Last wnter he had a hard time 
oGttifiq p''.>:; j'^o oecause grain dealers could not 
get f'-^.atur.}l .■; rs ana h^t\ bcuglit up tho supply 
of pjopan.^ .'. ih which to dry qrain Many cities 
of tho S subject to penodic olectncity 

bi:iCKo:;»s f'-- - k:!'^s fired with gas wore idle. This 
had a s"'«-:^ -^^t^^ct on the construction industry. 
Ah'.cn .vas i •. hampnrod bv lack of gas for new 
honies. :ois wore cold. Withdrawal of fuel 
tro.r^i th..' s: - ^' industry caused ii sluft to ourning 
h*^nvy VL'S i'- opon-hearth furnaces that formerly 
v\ont to iiijmtrnjm 'ndustry to servo as binder 
in mtjk'r.n '^h;c!,'0(lo r.okn No now arnrnoma 
p!:ints .*MV" boon announced for somn time A 
fort«l«/or r>^i")Mtiqo looms One coulfl qo 'r.) and 
on ar;out tho aonvno offocts of the topping out 
of qas orfvv;-t.on 

Tfio n.-ii;on urqontly neods nov; Supphos of 
clean f-j^l Pirmts cannot be built quickly to 
corn/or! c^'i' to pipcl'rTf"'-quaitly nos which must 
f:ornpriso ♦^«;sfV;t..aiy mnthaf^o and little olso 
Pltinls c.*t* ^* rjii'Ckly to convort coai t-^ 



liquid fuels. Fortunately, however, we know how 
to gasify coal with air. and plants could bo 
built quickly to^ provide a fuel gas that could 
replace large amounts of natural gas which is 
used to generate eloctricity! 

Gasification , 

What is ' air gasification "? Another term for 
It would be "partial combustion." In Figure 1. 
we see that if coal is burned with abotit one-half 
of the air needed for complete combustion, the 
product is a lean fuel qas consisting mostly of 
carbon monoxide, a fuel species, and nitrogen 
from_ the air. Before about 1920, this gas was 
used widely by industry — even to generate elec- 
tricity — and was called "power gas." The heating 
value of power gas. per unit volume of the gas. 
is about one-sixth that of n^itural gas. Power gas 
could not be exchanged for pipeline-quality gas 
for use in homes or small business.- But it would 
be a good fuel for generating electricity, for 
industrial heat ar.J even for drying grain. 

Gas producers much like those in common 
use in the 19th Century could supply brick kilns 
and large bakeries and a wide vartety of industries 
that^f^ow use gas. SmaM gas producers were not 
uncommon on faims in 1920. providing fuel' to 
gas engines for stationary power. They could be 
used again m large numbers for many farm energy 
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needs. They, could oqnin ride pigqybtick on 
trucks and buses as tliuS^did in many countrios of 
Fiiivpo clur.nq VVoilct VLu M to supi^lv ft^M to 
(engines. 

Gasifier Described 

The historic producers are. however, too 
small for our electricity industry. Oui team at 
TMo City College, under ils grafit from llie RANN 
Program of the National Science Foundation has 
addressed the prob'?.^ of providmn an air-blovvn 
Qvis-fier having a capacity to meti out electricity 
irKlustty s need. s 

Fipu'O 2 !S a diagram of The City College 
• Maik I Gasifier.;' It is our first result under our 
RANN Grant thai is ready to go commercial. It is 
a simole revamo of the gasifier that Albert Godel 
and BabC )rk'Atlcintique provide in their "Ignifluid^ 



Boiler." This marvellous French inveiUion. which 
we have seen in operation and have studi<^d in- 
tensively during the past year, is operating today 
in Morocco. France, Scotland, and even Korea. 
It these countries can gasify coal, surely we can. 
too! Our revamp of the Ignifluid gasifier would 
make gas of better quality. It is a design thai uses 
well-proven techniques and equipment. It could 
be built at once with great confidence to supply 
gas for 30 megawatts, the scale of each of the 
two Ignifluid gasifiers at Casablanca. Morocco. 
It could be scaled up quickly to far larger size. 

In Figure 2. ai^ is introduced at high velocity 
through a grate into a bed of coals, setting the 
bed into rapid and violent motion, and creating 
what the chemical engineer calls a "fluidized 
bed " Partial combustion of the coal generates a 
temperature between approximately 2200 and 
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Clinkors 



2400 r.ihronlu^t As tht^ roa( qasifiod. ash 
rnatter is rekMsoci and sni.ill rhniu^'F; of ash fouM 
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in a it^qiiku" mannor That is to say tiiey do 
not grow c atastroph!cal!y tp a h-igo chfi^O' mass 
that woiilii o:^slruct the ffov. of air upward through^ 
thi> fiijirii^nci bod* From time to time a clinker 
comcf^ to rest on tho qrate. vvhero a pusher moves 
it to osualator. Tho oscaliitor carnt^s a pad of 
chf^Ke- -ipwafd and out of tho bod Thon U cliops 
thp pad ip.tn ari asfi pit for disposal. Tho cs- 
r.Uat?:^c; OM^f »s cooled by a rocvf^lo stream af 

Tr^o v-"y hiq.h air velocity of tho Iqnifluid 
ooiio*' j'^'i V'o iV.ii^ I Gas'fior must bo ompha- 
s:^«vj i' 1$ about 30 to 40 ^eet per second, more 
10 t'-^^r-^:, gfoater than velocities Lised m 
ri.jrrrr: or.rrve m rnost f'u'di^ed bods of finr 
oa'tic'e^ aXcc. w'dtncjiy. \^^^. Mark 1 is a device 
^Mpap;*'^ /' ov^nq hiqh c/ipicity. A d.esign for 
30^' n*'-:rt/. can easily be v.suaiized. 

'/V'-K^M o^ P?.r'.s deserves Qrcat credit 

■ -v-'i -i sc-'^vp.-y that ash .icqlomof ates 
?-"^q'j' V ma:M"^er nof^-catasti oohically. 
I i-"'r..ty ^'uidized bed of coals ur>der- 
■.a^O'" at a toniporature beyond that 

JS-". . n^ con^e? 'stiCKy. Ay Jhe City 

■ I'i th;s the 'GoJ^^I ohenomenon * 
■'•^•.'r^ certain j'ltin a?bcn Ash s!'Oks 

\o oa'bon. We expect the Ma^k I 
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Conversion to Power Gas 
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are gas-fir^Tl electricity stations using more than 
? trillion cubic: feet of natural gas each year. This 
I', I'.MKih'y t-.fip ttMitfi oi tht.^ i\"itiiin s qas ronsum;^- 
luj'i f^"'fhaps .inotlUM 2 tfilhon cubic feet (]0 into 
lOdLJStrial boilers These power stations and boil- 
ers w(^ro built to fire gas only, and tfiey could not 
be converted to fire coal directly. Many of them 
could, however, be conv.jted to fire power gas 
froni our Mark 1 Gasifier. 

We propose that thfs be ^dono as oromptly 
as possible. Western coal is low in sulfur. Thus 
there will be no r^eed to provide equipment for 
removing sulfur f^om our power gas. The fiy 
carbon fror^i the gasifier will be coarse by com- 
parison with fly ^^^h from the firing of pulverized 
coal, and mechanical dust separators will be 
adequate. 

Coal now is bemq shipped from Wyoming and 
Mo'Ttana to Illinois. There are plans for shipping 
It to Michigan. Texas. Louisiana and even Florida, 
si continent away. Railroads should be able to 
piovide rolling stock and engines to haul the 
coal — about 100 million tons per year to replace 
2 trillion cnbic feet of gas Exjiansion of our 
Western operations for excavating coal niay be 
the most difficult part of our proposal. This must 
be improved as regards "reconstruction" of the 
land surface as well as regards simple good 
manners toward a surface mines immediate 
neighbors. "Restoration" is out of the question. 

Tho follovvinq is a program to obtam several 
■ f.tii'Ui cubic for-! of "new"; gas for American 
Homes jf*d businesses in four to- five years: 

Winter Of 1974-75 
Several tests at about 30 megawatts. 

Winter of 1975-76 
About 20 units at 100-200 megawatts. 

Winter of 1976-77 
About 1 trillion cubic feet of **new'' gas, 

I S'^p fio other way tc) arr.OfMf)lish this Jesuit 
'i''iif*^ly ImolenUMU.iticjn of this i">ro(^ram can 

• ire tho dcvnand for piooane an(j help my 
.••■';;f*'^w siipplv the r\ation with c.-rn and soybeans. 
' '''^ iiN.'Ciian^, can loleasr^ gas for ne.v home 00^"^' 
s!M:f:tio'^, .'inti busmps^i pxpansion 

Th'c; o* rouf^^i'. 1*^ n.i>t just a o.oqriUii for tho 
. "-rir.rjiy inoustiy or for gas mduL'try 0\^r 
'-• "foy suppros jro highly inlonelaled. anri relief 
'.- ■;'*t' f)<;.nt v.'ih pfc^vtde fplfof all dowfi th.o liruv 

1 ■>A<}iiltl ado l^\it \\n nujst back OLit oil fiom 
. . . rir'-.h/ (](MiPr.'ilu;n. t'if\ but this will take 
. -15. |o. Mjr:[i jnl-fupd cap.K itv is on l[ip East 
j {t'.r .v^HM?' v.p Aiil f^.{) (l(ji>i)t sfuHti>, :^fU' dp'iV' 

• ' P", '/ i'-'A -suifuf \Vf?>t^M/^ c o.il. MassjchusrMts 
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IS .ilic.v.ly u?CPiviiui tow sulfur coal horn Ptiland. 
\-^)St of tlie Oil. tMJv.ovrr. must bf' cliSfMacod by 

i.) r,orii-.?\i^ s-jlfui 'foni th/.^ M.nk I j)Ov.i'i C]^*^ 
I'po O'OQivinT I h.i\i.' '-uv. ^lescMbCvi. built 

J: !r!':fo But It (s not good (Miougn ♦tu fho 
.-. if:'^ ^: 'i V this ■ pfinvt'V.e Muk 1 Gasitier. 

P,,'! ;f cr I?:' :-^:*r^Vi\) .'!S .i *iiO! 



C':'3tplex Described 



' C '^t*oo J'* 



. r 



• :•;)■•"■ 



CCNY COAl.PLtX 





into rnothafie and bon/.oge. A coko rosnituo would 
be qv\sified witlv^high-piossuro an to supply gas 

a h:(]h pu ssuro fo?' fninq ons t\jrbin(^s Theses 
v.^nihl woik totjuthur '.vitli steam turbrn^s to cjonor- 

ite oitH'-tf icily. The powor gas would, of courso. 
bo cloafH?d to get nd of dust and sulfu». 

Wo arc obtaining pxciting results froni, our 
panel boti filter.- It seems to be capable of remov- 
ifp ^ir.e dust, of a si/e oonrparable power- 
station ^!y asM fioni hot gas at efficienci(»s beyond 
99 0*0^''' c.^fV.. We behove that leniovcil of par- 
! ::u!ates snwllof than 1 niicion ^v'll bt^ bOyond 
d9 f)ei cent. It 's vi qrafUiiar-boi*! tator, aiid the 
Qrar^ul.es"^lhal make up the bed might bo a solid 
fi\ige.'Vi. such as iror^ oxide or dolomite, capable 
■ «^f absorbing suMur species present In the oc^ver 
na^* V 

Mark II Gasifier 

Ou' Ma'- II Gasifies -F-gure 'y-. u^e-.^ j "fast 
I bed an oxca fM new tt^chrini-^qy for 
'-^'^iy crMSh'^d c.\\\ int^i (N'^f^taC-t v.'iM"i 
fht.- II aisc) t^.r- CkhU^! N"-cbn:q: ic? 



City Colleq^^ F*ist Fluidizer 
Botl G.'iSifKrr (M.Hk li) 
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for lenicv.'U) nsh mattor m fotfti of clinkers. II 
houses fluicn/ed b^ecl in a ciu'uiai vessel 
I'Mpah!'* ■ * v^e.-afr^q at .hiqh oressun^ 

An :?l.)vvs upwaici thiouqh a cyiindiical vetv 
soi at ^^r;'^ pressure and at hic)h velocity, be 
tvveca ai^?-.; 10 and TO feet per second. Crushed 
coal is -i^u'ied. and i(s reaction with air brif^gs 
the temp'M'iture lo about 2200 Fahrenheit. The 
sin SriS *-U'" CO.ti into viOj rnt n-iotion. As Ihe cnal 
IS qasit'Od. clinkers form and drop to the botloni 
aru:! are M«'v.ovt>d The ris-ng gases ^arry fine 
particles '^om the top of the cylmdncal vessel 
and inte cydor^e." where the gas whirls and 
whips V'\x- paMicles toward a cylmdncal wall. 
The sol".Is downward along this wail, and a 
0 pe carries the solios back to the bottom of the 
first vess -. P'V/.er gas leaves the cyclone at 
high nf--.>s,i'e lel.it voiy free of soiids. But of 
course ■! miir>t bo cleaned further to remove 
sulfur ;s;.-^-.?c-os a/vi !ast traces of dust 

A \\0'. advantage of tf^e Ma^k !1 is its high 
ca;? 1- vVe calculate tr-at vessnl with .an 
,ns=de w>i-'.oter of Ji foot and a height of 50 feet 
\\ \\ hv 3 GOO 'tons of coal day and will 
P'Ovid;' ,)/-.ver gas su^ftcient for 300 megawatts 
This IS .1 a,)ud iTialch k^r coiribmed-cycle equip- 
'^'.I'.'-i! t.M .* :h,;i electricity i'ldustry is iiO'.' butlrJing 
,11 a: ";.*. JO locations 

Th-- -.l.-iss of gas tu^b-^^e expected by about 

"1^8 V. ' : -rn-it a corioiried cycle emoloying the 

\]j.<^ ■ t>r foiio/.Ow by a panel hevj hltnr \o 

■ ):u'r.-/ .-ff cienCi^s b(.7v)f^.d 4f> percent fcf 
f l.^"^^" "-Pvil enorciy lO coal \n electricity 

[>vs ,-)-vSf:nt ^.lel savings of 15 to 20 per 

; '^'ca.^GC. /..;h itre^erv, practice, a^d of 

^- •• .v'. pT' :m narfT^^;.! ompS^-iO^S dus' 

■J'-.-! ■! 'y z!.-^ F.Ti^i.'mMI •ViI'U'' v.-'l .'i 



Figure Gaslfier Model for 
Visual Study Using White Solid 
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Model or F ast Bed 



t : • ■ ' 1 s ^ i ' * ' ' ^ 1 i \ • ■ b ■ : : ' ' i 
■^r ■■ •■'I-";: < ; vs J \\ ^a- !> d-'fj- 

::n 0 i^*^*-S- - ♦ iMy i* 
; h iv^- --.»'^M^r iprj fo' ^M.r ' r-J 

rMv- *J' It ' I'M h<;'n 

t..' b'jl' "! MMX-'^r] -.f ^; .! a^ u^d 

?• ■) B;;* ■ •» ■ f-'' tn-S '"^ 

■ • ill . i 0? ' ' W '.i - \rj\or 

: :■■ ' ; i- 1 j -/^-l 'V^'^ -^-' 

: J *■ • } [ ■ • i ! ■ ' ; : - i f » m ♦ • ? ; . i . • i « i : \' • I y 



Trim 
F|ijicii/oc1 




^§0li(l 



v '-.*.'"ri /Vo u-^^' w^^'ti^ (M'* r^ -^ r- t^* • rnodel so 
^',{,d' : IS l»» ffO^'V. l "h.i- .! /.fi:!' partici^'-s 

fi^wip. 7 sf '-^.'.s V-'^n ! of cm 

*hr'- fv,()/i-l s;r^^.ui.'i!a^n \'" ' ■' " ^' il b<^Mi)ni o\ a 

It v'SS' -' A-: - ; . i v j hrMi7'){n W 

- ; .. pr "''r ['■ - ' :. ■■ . 1* *hM V 1!id 

iM^nl^'l Tho V:q wjS r ' ■ . IMP f'wai/fd 

■^z ;!: ;^ ^Opa'f-Mt 

■h J','^S :o M '»-. : .-. .I'd :fUM Ih.' 
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FiQure 6 





] .s .1 c'o^^e-up taken from a frame of 
ro t.im of the? fast fkudizocl bod near 
ifv: th'p model The sohd falls m 
iQ'^'k nnjch hkr phnpts of v>ater' in a 
Thi-; |)h» v-oinopoii tiuly s^i'^ukl bo 
•li/.i!.-)"' ■ 



a third at 12 inches. Tfie first two are already up 
Our plan is to obtaifi tiata in the thin model and 
in tfie three round sizes. From rail of this data. 
v\e pia^^ to determine the eri^ginecring problems 
associated with buildmq a rr^bdel at a diameter 
of 11 feet This is the size needed to provide 
powci. gas for 300 megawatts. 

Throe ooints deserve emphasis. 

Tfu? nnxinq in the fast bed \s fai mo:e vigor- 
ous than one sees in conventional "stow * fluidized 
t)eds that have been corrimor.ly used in the past. 

Secondly, our fast bed will operate at a' 
Ifirouqhput of materia! roughly ten times groatfir 
trian slow beds can afford. 

Finally, we are cr.nii.Uj:'! tti.it vUw ^ vM fiu!dizc(! 
vmII g-'v/e 5upe'!c^r [:)erfo'ma.n( !hf^ same 
timf^ that it give-s ^'^r hi^^u'r canar:^/ f-^- a is.fying 

COliI. 
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ENERGY CONVERSION AND STORAGE TECHNOLOGY- 

THE SObiUM-SULFUR BATTERY 



W. Dale Compton 

Vice President, Scientific Research 
Ford Motor Company 
Dearborn, Michigan 



^T[h' -M^'Orgy Cfjsis is probably thp most clts- 
•wiisso-: !,>-,;jC in Ifio news thoso days — -and for 
ni;<nj rr.j^or, It toiicfios evoryone. We have boon 
told t*vu tno Uf^itod States should expect severe 
jt'[,-.i shoit-^qes this vslnter and qasolinu 
<^horr.ii;^ '^^^ a^^p'^^ar hkely this winter and certam by 
r>.^xt s'.:''in'o^ VV:th pvL?''y ne'»v day. consurne! 
.:.'.::o"- ratiOnirq of. gasoline an^ heatir^g oil 
^^Cu^-SOvj more activeiy. 

Ev *'< as roconliy as a year ago. uiost of us 
.vou'a nave predicted that we rrvght be forced 
:■) aCc.)fri;r^ocjau) before the end of 1974 to the 
.jf^oloas v^t tasK of 'eadjusting our way of life to 
!n s dfa.-t.c change energy availability. 

A'^'i /i-'n^ only v\iil personal comfort be af- 
' the years ahead, but also our manufac- 
-"^■duct'vity will be hit hard. With world 
■;?isumut»on expected to double by Iho 
must , look at*" every alternative for 
n ."j-r- enO'-gy losources. 

the a'jtomobile business often are 
. . /.--^ hivp not built electrically pcwerr..; 

iiiev. tte the problem of exhaust emis- 
■ -.v ^' combat thn sho'taqo of qaso- 

• :i"d IS w<"! w 11 discuss further in a 
•"■"^ pofformance of presently feasible 

--..'es just does not measure up to the 

• 'V vehtcl'^JS powered t)y intor-''^-al 
<"-.^qinns Tnoy simply canno* perform 
.'.ay in a fashion that is typical of »hr 

•) j«^o!'ne-power "^d vehicle 

.^.Mic;£^i'w.ci {ho tra(Jitional answer i^ 
velvcles Apulfl mer'Hy transfer thr. 
-i^i^^m from tho vehicle to the elnc- 
••■••t'fuj plant Thorcjfore converlmq fo 
."h "I'^s wauld result in no net benefit 
really a b«t too s-mpie Whether i^ 
v^A easier to reduce pollutant? at a 
qnneratinn station or ir*^ the exhaust 
.'•^'■cle IS a complex probU^m for which 
i.j.'.oabiy no single best answer. 

I'ifto's as Jh^ nature and extent. r)f the 
: tfie type and r:onc'Mitration of the 
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pollutants that can be tolerated, tfie localicn at 
which the pollutants are emitted, the local 
meteorological conditions ancTthe status of the 
various control technologies must be considered 

Williin the present technology of electric and 
ir^t*")' nal-combustion powered vehicles, the over- 
all system efficiency, as measured by the fraction 
''jf the energy in. the primary fuel that is converted 
to uspUjI torque at the wheels of a vehicle, is 
. essenfialiv tlie same. 

Clearly, if significant improvements are'made 
in thtf efficfencios of apy of the sub-elements — 
either in generation, transmission dr utilization of 
electricity — this could affect the attractiveness of 
electric • vehicles. Thus, we must continue to 
oxarTiine the various alternatives for energy pro- 
duction and utilization and the trade-offs that are 
oossible withm this complex problem. 

Can Electricity Compete? 

For a number of years. Ford scientists and 
engineers have studied the aspect of this problem 
■hat deals with the conversion and storage of 
tHectncal energy and the extent to'^which elec- 
iticity can compete favorably with li^juid fiiel for 
::owefinq vchicies. ■ 

In th's presentation. I would like to^ffi^cuss 

tne developmqrti of a new storage system and the 
oossibin advantaqes that it can offer over the 
standard lead- acid battery system both in the ' 
r-toraqn of extra electrical energy and in pro- 
vj'lmq enrjrqy for mobile vehicle propulsion. At 
first. let us concentrate on the devoiopmont of a 
'^ew battery technology. 

■ As a basis "for orientation, we will compare 
the performance of a 3.200-pound vehicle when 
propelled by either an internal-combustion en- 
gme or a dtrect-curreni electric motor ' This 
weight class is chosen arbitrarily, but it is reason- 
ably representative of tlie compact ciass vehicle 
The projected operating characteristics are shown 
-■n (he two columns on the left of Fiqure 1 lOr an 
electric vehicle with lead-acid batteries and on 
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the right for a standard 23-lite( internal-com- 
buslion ongrne with automatic transmission. 

Figure 1 —City Vehicle-Performance 
(3200 Lb. Ciross Wgt.) ^ 



Electric Drive 
(Lead-Acid 
Battery) 



Payload 
(Lbs.) 300 

Motor 30 hp. 

Range Per 

Charge 

(Miles) 

—20 mph ^8 

— City Driving 23 

Acceleration 
Distance in 
1QSec. (Ft.) 365 

* With autoTnatic transmission. 



■ 17 hp. 

58 
34. 

230 



Internal 
Com- 
bustion 
Engine 

800 
2.3L* 



273 
233 

373 



Afi oioctr:r v>':»Micle With tho cnniac'iCMStics 
/:os.':f ibo;i m tho foft colunin nas reasonably 
c.r^ p-^rfr.-.r rrancf." as :^-oasuron by thn maxtmun^. 
♦iiStlinct; tfavf'i»"'ii t^'' S'^C cjtn.tinq from 
- St. As t*''S sunqpsts. t :s torhp.caMy r.u:sS"bl»^ 

■ ■q-.'val'-f^t V'\- ■ Mor".!i v.onUx;r>t!on vohiclo b> 
•■'^ s srrg'.o Cf.'e^'-^-^ t^o rarqe and paylCci^l 
; * p!nc*' ■'^ vonicif:* ir."^ vory ■'flmitocl. The 
■T' •■■^'.iir* roiuf^^^' 'i^^licato? '.he limited travie-offs 

r .v.) \}r- ^^^ -/p j b^-t.\r ■'::■'» pot ^'^-rT\'U^0O and 

■ I'Mr-- ./►'^■^V r ^ ■ St ' 1 1 i;0'.\ 'r*''."! V.it^'. 

'"1 ■: ■•'»:' '^'" oiMy 'h»"' i.HV^t- \r:\ 

1 ! ; ' t'v;^ ♦^ ' "^Mtr;! bv.: * l.i na'v*^ 

' : -i^rvr Tho C' i.i""" '"^ ^ho 

:^ ! ■■• 'N ( ■^mb!i^^t;oP I'f'Clir''^ 

r^: , ■ , ■ # / "^^-^ r '.'''!Mr V" Vf I'"'- ^m^; IP'' 

. ■ • : ,^i^:(^<^ i A li 

Fn.-- ■ ■ If; ' [^,rr;;'^C»r^j .-jporatjrn 

/s '■• ■ ' ■ '.'f .!f''S Ffif pviu.os^"'?^ 

" ■nr'.^^4' • « ■ " o iS'^!iPO MX h.is boon 
" . vo» ; ''•')'ri i^-' ' {ho nrjhl Tho llmita- 

*: p-.:'' ■,[ i'^ri'^ ^jf th'"^ oh c,hir: vf**h!Clf 

: f:-/. M 1* ,if'"ori'"^(! by motor d.*^s.'qr. and 

*".'!.■• t^■^■'■)•^ ' j^M-''.' r^''i':Orl almof^t ►'^'Miroiy 
i; iMT"'. c,-^:;n m> Th.;c; r-r^or porformanc f"^ 
•■•ir.t'! ■!•'■ ••?•/ Hio pronlom hov; 
■■■ :( ■• \. .v-'^^"' ' t;^- irc^r^.rr^-norlatod in Ih.'^ 

I'-.-; f 'ol ilos (ii'^'wtlv *0 tho 



low onorgy density of the lead-acid battery. The 
total oporatinq cost of the system also is affected 
stftMiqly [.)y th^? 'relatively limited numbor of 
cfiarqos and discharges that tho lead-acid bat- 
lonec can sustain for this determines the battery 
lifetime- This leads us to believe that only 
through tho development of battery systems 
superior to those of lead-acid can a major adjust- 
ment in electric propulsion be achieved. 

Figure 2— City Vehicle-Operating Costs 
(3200 Lb. Gro^iJ^t.) 

/ . Internal 
« Electric Drive Com- .. 

(Lead-Ag'id bustlon 

Battery) Engine 

30 hp, /17hp. 2.3L** - 
/ 0.9* 



Motor 

Fuel Cost 
(c/Mi.) 1.1* 

Operating Cost 

(c/Mi.) 4.2 

Total Vehicle 
Cost(c/mL) 8.3 

• Taxes not included. / 
• * With automatic transmission. 



3,8 
7.8 



1.4* 

2.1 
5.6 



What are tho poteritlals in teims of a chapi- 
iCcil sl.-.uaqo system? 

Fiquro 3 depicts the onerqy deiisities of 
same common systems in units of watt-hours per 
oound The higher the onerqy de?nsity. tho less 
ti.Htory v.eiqht that one needs for a given 
Mivlci'-mance 

Figure 3— Energy Densities of Some 
Common Systems 
(Watt-Hrs./Pound) - 

Theoretical . Actual 



Lead-Acid 


49 


^10 


Silver-Zinc 


230 


50 


Sodium-Sulfur 


350 


100' 


Zinc-Oxygen 


495 


60* 


Lithium-Sulfur 


660 


100* 


Lithium-Copper Flouride 


646 


100 


Lithium-Chlorine 


990 


250 


Gasoline 


6000 


1200 


* Projected 







StnftiiK} vv.:m loacl-aciil. wo find tho onoiov 
density in watts per pound im-foasinq as wo 
prv?aH»SS tfOni tho Ir.Kl-.in-J sy^toni U) thr s;n1'Ufn 
Sulfur system and finaliy to the lithuinvchlonnt^ 
system. Foi puiposos of coi.npanson. (ho oiierqy 
dertsity lor gasoline which is substantially 
greater than that of tfio battery systoms. also is 
qiven. Even thouQh the energy doi^sity of g^iso- 
iine cnnnotibo achieved by. the chemcal storaqe 
Systams desci'Ded abovo. a f^ictor of ten inv 
provoment m range would mnKe t>lectr;c 
vehicle niurf» mon"? attractive An improvement \n 
ene^fjV. a^'^nsiTy of the battery systen^ 'oy this 
factor, over lead-acd would pnh.mcc materially 
tne atuactivenc^ss ot the electr-c vefucle This 
in fact soems j)o?sible. There are other consid- 
;erations however. 

In acJOiti-'^ to tMo fvioioy dt'r^S'ty tho battoiy 
systO'i^ must: have a high power Oi'Misity. a lonq 
■'■/.r.-v'^h oK^^ans m.•lr^y cha.rq^^*^ and discharoos^ 
and low rest . t 

L-V n-p r^o.\ mean on very \)no.^\y th^lt fie ih-at 
eiH-rov s*':- 'jge deuces f.an play m imprr\.::g tho 
f--M:rip-r r-iortf'cai gf^t-vating and Iransmis- 
s.on sys'.on^s. iavo'Oved effxmncy for the elcc- 
*r.C'U a^^^nerat nn systert^-can b^-^ achi'Oved by 
•^reM; t^n '^-♦"•.k o-aK pov.e:' at all t.mes with a 
:\.uMO'r;v fo: st-'-^.p any o!prM:cal or^.ergy that 
s r-^ot ''<'0<wa .''nmpo.n'.elv Thus, tho ovorai: 
,~>i\iC'vrr.'f ^o'' oo-.Of oC'.'V^r atiOn is impmvecl 
•.■■r-*"^r-a . I ^'■"♦■'^'l**^■d say at '^■:r;ht f.H i.s^ 

.|j..n^ 'i,*--n-a.' u'l {>~-'in(N tn.it I'srcu' 

\-.^^ hif;?'- vp.*'^ *' /S :a »-np:gy i\"C\ r 

■ ;e-^s.S : i ^'-t i^iltt-M.-s avvl- 

Sodium-Sulfur Best Chance 




f uitirt^ 1 Lead-Acid vs. Sodium-Sulfur Battery 



Lociii Acitl Stofiigu BMM^ti Sodjum-Sulfur 8atlofy 




Solid Rodclanls Liquid Renclcinis 

Liquid Eloclrolyfe Solid Elcclrolylo 



'^t.^'^.aaul le.-id-acid battery vjth solid olectrodes 
0^ lea^l arxl load dio^^ 5ooarated/^)y sulfuric 
.-.Cid the I'OUid oloct---^iyto On flischarqo the 
»;.'^e!Clv !S nyiiartPd l^v tfu^ t^xtorn.'il circuit and 
s.Mh the el'.'^ctrodos underan rhfMnir;il ch.'UKjf^ 
T^^e r^umber 0^ charges and riischcUpos aro lini- 
■t' 0 a! least in oart. by irreversible chanqps thai 
take r-Kiop m the oloctiodes * 

Bv contrast, the sodium-sulfur battery has 
I Ovnrl r'c'"^rcios scdiu^ 'u"*d citi^'K vA^hirh a^e 
S'-na? itod by a sol'cl eloctf r.-'lyto— form of 
i>f,\n\r. konv.:i :iS l;f?la-aiui"nina Dudf^O dis- 
rhafrjr* a s-^liam at(V7T mvos iio an oPortron tu 

exto' nal c^ouit m»nr at^^s th'Oijqh thc^ solid 
^-i.^ctrolvte and 'e.icts /alh tht' sulfu.' ar^ the other 
c 'if^ U)\rr. a romooand of socl am and sulfur. 
I'i-.il'y thoip is r\a rhprmcnl or physical chanqe 
e- i! takr-s pla^"^^ in !f^n r r^MmfC ol<-^rtroiyte durinn 
r-nafpn or (\'S.(\\.\t ci^- an.M the rheaiiOal 
•i-.r^c-'s n* !ho f?lur:lru' us, a"' c^om; -lotc^ly re- 
-sa-;!.'* Th.. rha^■^^torist cs the in vt ploctrn- 
■, rwKr- -^s^-.t)!'"^ !m(^r* at jn-r ffs 0»'^t'Anpn 

*' ■•"f'fqy I'^a rj.^\r-f Ir^. r-rvj i/n sulfur hai 
i..,y 'r^.' i ra-'^'^ ^l t^'a^my rl.Mi'^ ids ur.ly lav^.r 

! /,»":. qht of tfiP s^cla:'v I'^i su'far. v.h^»reas 

-..v.f^f ■!r'-.c,:tY .pi.i'ra a:' ctiy total 
.-^i.vi o' !hp c^ran^' c^lcrtrolyU' 

f -.. V' = l^'*^ st -''''i ^VTOtqy »< r plated 

. ..>r l!y ; a<' hM-v iMt' 'aM(jP V. hf-'-r r\is th.e*^ 

--•A'-r fl»*'^=s;'tv -"^ "^iat^d to ttiM aohievabl»> acc^l- 
• v.ai^^f' o\ th«' vf/hiolf^ Smrp n^^o ni tfip most 
r^sU.- cpmprnp:^.!^ of th.p ti.'HtPiy .s l!^- c^ramif 

M'M•^^ !(. a iu- .irlvar*rir]^vni^^ t^r'-.VMmiiC-ilty 
t., [ i:!*)' th b it-O' / thp :inK'*>.:}nt of (a'tamic that 
} VVIi'-MM v.»':q^^.t iS fr,*:rjl as 1'^. Ih-o vn 

i, -J .h'nh. '■Mi-. r'-i v . i.-.a p:' 1 ,v f T a< -f if-.itv I'i 
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s-Hiiuni sulfur Daltory ,vo slhn\n m riqiifo 5. 
r .Vi.w'f,;- pfvr.ilf;! 1 h.^l .^v• ti-. * 

• An energy density of 100 watt-hours 
per pound. 

• A power density of 100 watts per 
pound. ' • 

• A diiidbiiity of five years (which can 
be expressed in terms of a desirpH 
charge and discharge of abo^it one 
thousand cycles). 

• A cost of approximately two to three 
dollars per pound. 
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Fini:re 5— Sodium-Sulfur Battery 
Development Objectives 



iVvatt Hrs / Lb.) 



Eloctiic Lo;iri 
Vehicles Leveling 



100 
100 



25 
25 
25 



(\i\'r.;ts/Lb.) ' 

Durability 

(Yrs.) 5 

{1000-Cyclesi 

Cost 

'S.- Kv.hr.) 20 5-1 n 

' = t-r^-V'^' Vvs ^ys:o-i can 

: . • -- f^- -■: ,1 Trb^ ^.'^O.n;n p-.-lyS'jHj'ln ni*^!! 

i's *f':ni 'h.' fh. 'MCcii f«M.';ti'vi of suHiif 

i- '5 ^,'\:-' r-f r-^^'-.f- ;)^."p»" 'Tri»pii:ils 

.r;* i... {If. M-''- J <y^'^t:i«fy'^^rrv at th**" 

♦ it '-,f -.70 ^.)[if.»",'wvt t^rU 'S ri'^fvjprj 

•..rf O.,. .•;:»f. 'V- . I S t i)' ■\ <l»'^l I f ^ O X [ ) )M $ ' V f ' 

... .-^ rci.-q rn<'*!^^^^'!»^ ThP n'^n'Mi*. ir !u r thr« 

/ , ■ }'^-. ■ r^v l t i K-vl ^n^^M A"y"n:nh thn 



l0()is at'^ insurmoiir^.talMo. wo havo a loncj way 
to qo t(^ fiKikp this a conimoicial system. 

fMfv.i.^ ii fpfUf^atos Hii^ fo! n\mct' of an 
'Mit^in.ii c.-oiMhiisliDM rnqi{i< \\\\\\ an t^lf^Mfic vo- 
hu.!o oc]iM.pP^'^^ with'tho typo of soclunn-r.uituf 
:).Utr!v tlvat v,ill nu^rt oui objortiVi^s. You will 
iu")t-:ro tha! for a 'comparal)lo poffonininco as 
(j' tei mined by liie accolcatiorv. a lango can be 

.'^.l. inal cairbustiop »MK)mo v.ah a nm m.al-si/pd 
oasohn.-^ 



Figure 6— City Vehicle-Performance 
(3200 Lb. Gross Wgt.) 



Internal 

Electric Drive Com- 
(Sodium-Sulfur bustion 
Battery) Engine 



Payload (Lbs ) 
Motor 

Range per Charge 
(Miles) 
—20 mph 

— City Driving 

Acceleration 
Distance in 

10 Sec. (Ft.) 365 
• With iiutomalic trani^mission. 



300 
30 hp, 

483 
280 



800 
2.3L- 

273 
233 

373 



Figure 7--City Vehicle-Operating Costs 
(3200 Lb. Gross Wgt.) 



Internal 

Electric Drive Com- 
(Sodium Sulfur bustiot. 
Battery) Engine 



Motor 30 hp. 

Fuel Cost 

(c/Mi.) 1.0' 

Operating Cost 

(c/Mi.) 1.7 

Tota* Vehicle Cost 

(c/Mi.) 8.2 

* Taxes not included 
' * With automnlic iransmif^sion. 
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1.4' 



2.1 
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Although' the operating cost per mile seoftisj** 
to compare favorably with that of the intornar 
corTibui;hon engine the total veh'cle ()[)eratifKi» 
cost per mile in city driving will be higher be- 
cause we expect the ,cost of the electric motor 
controller and Jhe sodium-sulfur battery system 
to continue -to be higher than the cost of an 
internal combustion er^gine. 

«» 

Since the cost figures of opercUifig an in- 
ternal combustion engine are taken from Depart- 
ment of Transportation data showing -averages 
'or the past 10 years, they do not reflect recent 
increases m the cost of gasoline and. therefore, 
must be considered low. Similarly, the cost of 
electitcity is only .nn average. Again, to aid in 
con)parison. taxes . are removed f'"om both the 
cost of gasoline and electricity. 



A Potential Competitor 

W^^ are optimistic aDout the potential of the 
soaiufTi-sulfur battery. Its successful aoDlication 
to an electric vehicle 'vould provide performance 
■n t"'"^s of range durability ^'^d operating costs 
th?^t v.o^ld uompete favorably witfi the present- 
ciay .ntemal-combustion system. But the electric 
vehicle still will have niany deficiencies. 

First, the payload would be less than that 
of the gasoline-powered vehicle simply becauso 
we see no way for the energy density of the 
battery to be b^'ought uo to that of gasoline This 
v/ould mean ♦hat electric cars could accommo- 
date fewer passengers than would be the case for 
the same gross-weight vehicle Dov.ered by an 
internal combustion engine. Providing auxiliary 
functions, such as heating ani" air conditioning, 
will deqrade the overall p<^rfu/Tiancc of the elec- 
tric vehicle more (han the ifiteinal combustion 
e'^gme vehicle. 

The Natio-^.a! Science Foundation through 
•!s prc^Q'am of Resr.uch as Appnod to National 
Need?; reroqniznO tnat the [)atteiy is -i vital sub- 
Piemen! in a trar-.sportation system ifivolvmn 
e'^^ctr-cal p^ripiih on nrr\ jn nlcctnc n^"^nk power 

In an pff:>rl to exi^'ind th.f} research in this 
(;n!!c;i1 KP.;j it awarrlprl a rnn{fcirt to Ford Motor 
CofTio.inv in Junp of 1073 p.uisuf^ ihf> apn'^ca- 
\ nn of tl^e sod«um-sulfiif hatt'-^ry as O'U^ moans 
a?t i<'»nq the e^-efny c^'si^ 



0: i^Ti vf^s nf |h.^ rpsearch :)fn]^--r.t a'f» tO" 

• Develop a better understanding of the 
interaction of sulfur and sodium at 
the surface of the ceramic. 



• Determine the opt/mal properties for 
the conductive ceramic. 

• Develop low*cost techniques for 
mass production of that ceramic. 

This basic understanding is to be translated 
into prototype cells that will be tested under 
realistic conditioris. The contract was under- 
taken as a joint project between Ford Motor 
Company in Dearborn. Micfi.. and two major uni- 
versities — the .University of Utah in Salt Lake 
City and Rensselaer Polytechnic Institute in Troy. 
N. Y Work on the project is under way in lab- 
oratories at all three locations. Close coordina- 
tion is maintained through frequen{ meetings 
and a senior member of the Ford group is spend- 
ing 1974 at the University of Utah working with 
researchers there. Members of the Rensselaer 
Polytechnic Institute group are expected to spend 
the simimer month3 at the Ford laboratory. Every 
effort 'S being made to assure close interaction 
between the various activities. We feel that stu- 
dents and faculty are a vital part of this research 



Cooperation Essential 

We believe this interaction between a mSjor 
government agency. ■ the academic community 
and an industrial laboratory offers great promise 
Of developing a new technology that v;ill benefit 
a number of problem areas for a v^ide range of 
energy users. I would like to close by spending 
just a moment on this point. We are appalled at 
the recent popular and technical press articles 
which suggested that government and jndustry 
and universities cannot work together success- 
fully for the common good without being im- 
proof^rjy influenced or biase^d by each other. This 
suggesuon is contrary to the long tradition of 
objective scientific research and in view of to- 
day s critical energy problems, should not even 
be entertamed 

It IS imperative that all scholars and tech- 
nicians who can contribiJte to solving the crisis 
confronting us employ their talents and resources 
to attack the problem effectively. I am convinced 
that. the most efficient way to accomplish this is 
through joint progratTis in which er^ch participant 
presents his -analysis of the problem to his fellow 
participant and thereb,y shares the responsibility 
for finding thQ solution to the tough problems 
we face. Time is too short and the problems are 
too sf^vern to quibble ai)out the possibility of one 
scient st beinr] iniprop'Mly in^luencf^d by an- 
other s tfiinkuiq Nn ouf qfoufj h/is ;ill the ttilent 
or the complete rangn of exj.ierience to produce 
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Iho results so urqofniy n^^edoci" When the dtver- 
qynt viG'.vs ot how to solvo cr^ticai aophoci proU- 

lO'MS .iro Oxpi »'SS0f1 tMe 'r^^;' i:rh jr^.j o.i:!y 

uevelopment phases. Sigp'J^oant rosults cx- **bt? 
achjovod Coopo'ativo ^es^a•c^-'~»^ /.hich tht- 
best nvnds of our univers-tios and industry arc 
thought together A'th govcfnmont aqoncies to 
•Aork on common probi^"^nns— ^ot only a vable 



Da.t 



*o r q y 



problems. 



It is 0;jr 'cfvent >v')po that pohtlcal considera- 
tionj^ Pot puiclude the do.velopniont af fruitful 
■.fileiaclions among mdusfry, Oniversity and gov- 
orrinient. for we behevo this .s-a highly productive 
force that G^n make concertpd attack on the 
nvaior applied problems that are 'Critical to our 
'\"i*'ap. s 'utiire vvplUbP»ing 
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ENERGY TRANSMISSION SYSTEMS 



John Peschon 

Vice President. Syst^ns Control, fnc. 
Palo Alto, California 



For !^iaiiV yc.irs the eloctric utility industry 
has boor, coping with the problen> of derjiand 
gfO%i|th T^u.s far it Mas boon largely successful 
in flfoviii'ng the greatly expanded generating-, 
transmissuvi distribution facilities required to 
supo'v inoxpensivo and reliable power. 

The :scjated " brown-outs ' and ■"black-outs" 
that have occuned highlight the great difficulties 
m meeting tho over-increasing demand. Con- 
sumption of electf^cal, energy in the United States 
»s grow'.'vn at a rate approximately double, that of 
all c*>t?f forms of e"nergy. 

"^h-s growth will amount \o9 per cent in 1973. 
Caoital ir^vostinent requued fo provide the needed 
fac;l:tios amounts to S20 billion per year. Tho elec- 
tric power industry is the naMOn's most capital- 
mte'^sive ijidustry. 

Thoro is clearly a need to establish pngrities 
for futu'P program development to form a tech- 
■^■ologica' Vase on which the successful supply of 
oioc!':c c^^'-'^'gy ^^creasingly d^^pends. 

Study of Systems Analysis Needs 

A t.- *nos9d set c;f priorities has been recom- 
""OP'io ! :jy SystO'^i? Control Inc. to tho Nationa' 
^^(:iP:\C'' F -).jni Jri'- A '^urvr^y was rnnde of tho 
tv^'y^O'^* J'" I't^i'^ r.jc.-.Trch- nooris '^n systf^f^is 

af^a'ys:^ •■ n co'V'' )l o* iTgo ;nte''connf}ctor1 povsor 
nptw^-'' " Tr-^ s^i^lv c*)r^sT'JofS wo'k .n \h(' [)r\i\r-(\ 

Study Objeclives ' 

; ; • \" ' ' ■ V * i ' V ■ " ! ■ ' V* * * h \* r: ' ^ u ' d r n r*^ t m h i j ^ •'^ * 
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Optimum use of energy sources 

• Impact of environmental constraints. 

• Reliability of power supply. 

• Control of power sysiern transients. 



• Local versus large centralized power- 
generation systems. 

• Planning for expansion of transmis- 
sion networks. 

• Potential impact of new technologies. 

T/ie* study established guidelines for RANN 
and the research community to use \n identify.ing 
important areas for development to meet the 
needs r the electric utility industry. In addition, 
it prov jed guidance for the development of 
closer cooperation between "the utility industry 
and the research community, which could result 
in addiUonal applications of research results to 
real power systems. 

High Priority Areas 

The result was^a list of the highest priority 
research and development objectives facing the 
Litility industry. They are; 

• Long distance networks interconnect 
tions. 

• Distributed electrical generation sys- 
tems. 

• Load management. 

• Environmental impact. 

• Long-term system load forecasting. 

. Methods of cost-sharing facilities. 

Long Distance Interconnections — Tho ores- 
oot trend iS toward inc.rf^.isinqly comf){ox inter- 
r:nnne?ctiofis possit)ly Kradinq towafd a total "na- 
t;':.na! gnd A national clectncal grid v^/ould link 
''visting --ogional arr>as into a fiotv/ork that could 
so:v*^ no? only " IJnitod States but also Canada 
iMd Moxico. 

Distributed Generation Systems— Running 
r:"OPt':ny to the iOf^g -disl "tnco interconnecting co-'- 

'S th.u of tho dist; ibut^vl qonoration system. 
\'.H!(:h coj'?.oivriOiy conlci' util.7f^ solid wastes and 
'■'v-'n sonw^ Iiqi;iri wastes as a Of^w or source to 

Load Management Th.^ nl^i'V^tivo ^^f load 
n";.inaq^"^.'nf ^«^t -s \o n dur" t.U.il »^M»ur)y ronsump 
■ .I'Vj pO.!^ iO.rj f'l'iutr^MnPht'i thi-JUCjh auti). 
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matic central control. Central control would shave ^ 
peak Ipacis by using soldctivo load intorniptio « ' 
techniques to manago>')ower from a central point, 
such as a disUibutio- substation 

Environmental Impaqt— Utility systems mus\ 
meet prc?sent and future electrical demand within 
environmental, economic and reliability con- 
' straints. Environmental dispatch requires that 
there must be sufficie^^t 'capacity In tho network 
to select, under changing environmental condi- 
tions, the necessary mix of power plants to meet 
the legion s power demands. 

Long-Term System Load Forecasting— Long- 
toifti. system load forecasting includes both total 
Kannuai energy forecasts for up to 20 years and 
peak demand forecasts. Although simple extra- 
polations are often used today, more advanced 
systeru analysis techniques are needed These 
would employ probabilistic methods, consider 
various energy utilization categories separately, 
and ' mploy land-use and population data that is 
hocommg available on a national scale. 

' Cost Sharing of Facilities— The trend toward 
laiger geneiatmg units has created a situation 
under which two or more utilities share the cost 
0^ large facilities, both generation and transmis- 
sion A system analysis procedure is needed for 
estimating the benefits to each partner and a way 
of relating these benefits to th(> participation in 
costs This is difficult and important particularly 
frr transmission equipment that is sharf?d. 

Other Developments 

Independent of tho RANN prnquioi. addition/il 




work Is already under way to make substantial 
contributions to tho utility industry In its effort to 
supply adequate electric pow^S'r'loi: the country *s 
needs. . 

Many new^and important hardware devices 
already have been developed to rneet increavSed 
needs for electrical power. Examples are very 
large 6.000 to 10.000 megawatt generating facili- ^ 
ties (power parks), extremely higFi voltaqe alter- 
nating current transmission lines, highlvoltage 
direct current systems, the formation of reserve 
• pov;er pools, ' and the design ahcl operf\tion of 
large interconnected power networks thht are 
beginnirig *o us^ AC-DC-AC coupling techfifaues. 

The formation of pools and the develoil)ment 
and operation of interconnected power r etworks 
(a national grid has been proposed) have intro- 
duced new dimensions of complexity to the sys- 
tems analysis needs in electric pow^r systems. 

This depicts the complexity of modern power 
transmission systems in the Unitr?d States that 
could benefit from the interconnection concept. 

Conclusion 

Our study has identified those problems fac- 
ing the utility industry— p'-oblems that stand to 
benefit from intensive research and a redefinition 
of priorities. " j 

Moreover, m view of the critical energy needs 
of the country, such redirected p\ ^qrams will 
enable the Federal qovernmenl and the private 
sector to move quickly into programs that appear 
to have the best likelihood of high payoff. 
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THE CHALLENGE OF GEOTHERMAL ENERGY 



James Kuwada 

Vice President. Geological Research 
and Development * 
Rogers Engineering Company 
San Francisco. California 

and 

Henry Ramey, Jr. 

Professor of Petroleum Engineering 
Stanford University 
Palo Alto. California 



Geothermal energy consists of heat in rock 
and earth fluids at temperatures ;ibove those set 
by the particular process application. Probably 
one of the oldest uses of geothermal energy was 
space heating, ar^d this use undoubtedly predates 
recorded history. See numerous references to 
hot earth ' jaices." • Today, several other current 
and potentialiy important uses 'for geothermal 
fluids exist. They include generation of electrical 
power, chemical process steam, process heat for 
water desalmaticn and chemical content recov- 
ery, 'n the main, however, this paper will con- 
sider electrical power uses^ 

The ootential and in some cases immediate 
comme''cijl significance of geothermal -energy is 
i:. several forms- 

• Hydrotheimal reservoirs containing 
steam or hot waters ranging Unni 

I fresh water to concentrated brines, 

i • Deep high-pressure or geopressured 

' aquifers. 

j • Near surface Intrusions of rock, for 

'* example, magma or lava. 

• Impermeable hot, dry rock. 

;)0'"H . .'. O^'f.' sur^ice IS 'Ouqhiy kr^own. :\n(\ 

r-'-y -.r i-: !y rOOS 'S niso Knov,n .t is 

ff:-«.:^ • ■ 'hn r'^SO'irCf' b.iso of oo:^- 

MuT-! ' »h !! 1 1 '.f \ ) ' . c: jl I y avnmbU' I* 

• s^ . v«. ....... ^- V^'} ■•■ rM*:(";n.j! » HI f t -'1 C - 



1 r iii'^lnt.O^^ fr',j>Tl 



But eoiimates of the fraction of the resource 
base that may be converted to electrical energy 
vary widely. Current estimates for the United 
States range from 600 • to more than 400. 000-* 
megawatt centuries. Estimates differ because of 
varying assumptions regarding geologic condi- 
tions, the state-of-the-art in finding and drilling 
geothermal wells, economics, solution of institu- 
tional and environmental problems, and. perhaps 
most important, the impact of research and de- 
velopment on finding geothermal resources and' 
on extending our abilities to use what is found. 

- Al first glance the difficulty of finding gee- 
triermal resources may not be obvious. Earth 
heat exists everywhere. The problem is two-fold: 
low heat concentration and the primitive state of 
the technology. The average heat flux to the sur- 
face of the earth is not high enough to support 
electrical power generation. Thus locally high 
heat flux, or high concentrations of heat near the 
surface of the earth are needed to obtain geo- 
thermal energy in sufficient concentration for 
practical use. The explanation for the primitive 
state of geothermal technology is simply that 
!here has been little incentive to develop gen- 
thormal energy until lecently. 

Using current technologic^s. it is economically 
^fMSiblp t') c.onv^it geothermal energy to elec- 
!iicity v.ho.n magma intrudes close to the surface 
of !he earth arul transfers its heat to a convecting 
hyclrotherrpal reservoir containing reasonably 
clean fluid The rfservoir may then b^^ produced 
by wells dnlleci to HoMver the hot f'uid to *he 
sur^ice StenrTi may be produced or flashed from 
r,ufficiently hot liquid (preferably above 200 cr^n- 
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ttqMClo^ for i.'so \\^ low pressures steam turbine 
nt''!UMa!ors, • biit tho pfociiiceci fluid fiuist be roa- 
so" !t>ly clean for the cunont state-of-the-art 
»• 

Hydrolhermal Systems 

rh»no d!0 t-A^'^ D.iS'C Minis ot hydi.othomial 
s>--'- -US O^^o IS thr -vapOf-<loinina!ed reservcr 
' hichviry st-j^ may bi' pioauct\l Ex.Tmples 

""•v- rie>Sr^!S C.i '*oii^hI ■ AfK^lh.iM .fnpf^.iMiM hy 

-..tl sv^tf.'v roniai'^s ho! w VX^' T^jo liquid / 
■,. rc; -ill p?.-A;i'^ 'a.'-tn steam a.'vj v.atoi 
' . ■ ■;..^-;-^v.M ! pH'Ssu^es .ue roaucecl and n * 

; ... ■■ 'A .t." :S :-.eun;tlod to fl.'iSh to StO.ifV 

' . • ; -1 =s acc- mo^i^-.'^rd a^ sur-are equuv 
- ■ * -.. I ';r o h-\i! an:s; be supplioJ b> ^the 
• '.'h fj.!c:*on tr^at ■.Mi|%,'apOf;/0 OotA'^ads 
:■ ■■ >>M^:-.^' lU.'.K' .i-'.d ' v.i^ll ho.id pr^/SSUrt^ 
■ q-'.v.' '-a.^lo'i C-^n i;^^ vai'Ji',rize</ v.;lhin 
. V\o [.;-;:k ra*^ supply la:q*^ 

- ■ r, M cvi E>i.T^^pl-:^3 of hr;t- 
.•V, '-c -: /i.^.^j.'- ^'.a.:- iKO-. NoA Zealand a*".! 

:■ *"t^':^M: :;a:f^?v':: c.r- 00 ivact caHN 
- .lO-.. f'^CK p'^niOir^ig tho rec-'-^ .s 
: . ; U''>- Tnt'^fo musl ou a sealinq . 

r-:n iav. p'-^t aMv^b^lMy af^i lev 

, :v p.''nP'M lass of *:u>d and 

■■ vN-^^ i! !^>ar= 'a;Of t;:! systpp^ 'S -ho qeo- 
: As r*^.- -a'^io suqaosl:; q'?M. 

. : -n^.-, ;-tss*.w»7ed ifi excoss af 

! : p'>. '••S'a^'S P»>c u.so r.i thn 
.a^'" t-'-i 0'' the M'^sr- v "'r 
: : -.-^ i '-^ iv exc - a b 000 :)OJ'*^ds 
' T'*'-s»^ ''^^^ '\. IS ^^ra^lsn :ai: r s 
• ; . ' .-x. i^^.^; -.i' -80 Cr'ai- 

■ , . . : "■ ; r ■ * I *^ .IS Ma,. ;s Pe faiij'C 
' ■ a . i* ■: 5- I ■ ■ : ^ ' * .'.alo' p-o- 



Bui the task remaios to find rnothods h/\ extract- 
aiq and dolivonnq this heat to tho siytaco of the 
..i\\rin Mi usabU^ ^o\n^ 
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For large-scaio electric 4)0v/ta qoneration, 
the staJe of^curfont qcotherr^il technology limits 
utJJi/ation tcJ cUwn lUnds. Aoproximately the fol- 
i.-vaFiq rp^prvoir r har artorislics arp nt^cessary for 
steam aiKl hot-v\a!tM or brnu? systems: 

— Deaths mast be economically diiliablo 
Gc^othorm.il resp'voirs in oroduction today 
have not loquned dnllmq to depths greater 
tfian 10.000- U-^et. 

— Rosejvoa oase teavpe»aturc must be in 
pxces.s cA 180 Ct^ntiQiado. . 

c -■■ReservoM volufne and fock perineybility 
nHJSt bo sufficient tr; sust.i-n a higfi f-ate of 
stpam Of hot wator ftow. Many comrnorcial 
/.oils today produce the equivalent of 5 
:voaaA::'as r^a- v>e" In Italy one currently 
p,;oduces thr^ fntifp st(Mm fc a 15-meqa-. 
\\:\[\ \jO\\v^ n!.i-'-^t. if'd is jpported capable 
of piociiiCHK} at t^vicf that rate *^ 
— There must be suff'Cient fiot fUnd and a 
heat sourcp .idcquate to sustain produc- 
tion over a 30-yoar amortized life of tha 
power plant. 

— Fir\illy. rcjsprvoir f'uids should not contain 
{^ct)^vafatcally unmcmaqeal)!o quantities of 
d.ssolvfU Scilis tha! vAOuld cause erosion 
.I'-d roTosM.iu aiut puvironmpntally harm- 
fu! concnntr amns of chnmicals such as 
arsenic ^»uor'.des aiorcury. and other toxrc 
n-ater;a5s 




I Resource Utilization 

' . Although the qeothorrnal rosource base is 
vast, ciif j^nt technology requires the ust? df clean 

hy:ifc:!h lal fluids About a half d07o7 couf^- 

tries utilise geothermal fluids for olGctii(t power 
product.. today. The capacity of all of these 
pfants t'. ta's about 1.150 megawatts. 

If cii^in steam or hot-water systems are avail- 
able t^T' 'innerat^on of power is rolntivcly straight- 
forwa'd- The dry steam field at The Goysers. 
Califor»;M presents such an example. The steam 
is sepd'-.i*t-d from entrained solids, and the steam 
is then (j'^iivered to a steam power plant turbine. 
Figure 1 shows a steam vvell-head centrifugal 
partiru^ '.roarator at The Geysers Field. The 
Geysers turbines are low pressured turbines 
operated at about 7.5 atm. slightly superheated 
steam a:) ',;t 180 Centigrade, which is condens i 
with ditr * contact condensers. 

F\o .'0 2 shows the first pov^er plant installed 
at Tr^.* G.^ys^^rs (Units 1 and 2) in 1960 and 1961. 
One o*'the g.^at needs of most thermal electric 
power i-:!anto is 'tooling water. Thus, one of the . 
great att-.ictions of 'the geothermal power plant is 
the fact '.nat since it doesn't have a boiler, there 
IS no ne-^'^d to return the condensate to the boiler. 
• Therefo-'-. less costly direct-contact condensers 
may be vised and *he condensate may be used as 
make-uo water for the cooling tower: thereby 
eiim-nat - g the need for additional make-up water. 

Tr*- ^hernial balance on a power n"ant like 
thosp r r guro 2 is such that about -80 pe/ cent 
of the F;JtMm condensate is evaporated in the 




cn^l'r'-] * :vh: about 20 per cent remains for 

'l:?pt"- . 1 ' f'^p ♦hr cc^nrio^sate can contair^ some 
:)/•'■::■ ' ■■ :.--;irvis anri ammon-a. it riiay require 



discharge to other than surface drains. Disposal 
IS effected at The Geyse'^s by injection of the waste 
waters back into the steam reservoir.-* 

Figure 3 shows a-stearni separator at the 
Cerro Prieto plant in fvlexico.' f This is a hot water 
system in which the stoai7*i water mixture is 
brought to the surface and separated. The steam 
is then delivered to the powj^r plant. The waste 
waters are taken to an exhau;&t vent silencer and 
flashed to atmospheric pr^es^ure. The surface 
water is then drained. ^ 

Figure 4 is a general view of the Cerro Prieto. 
Mexico power plant. As of September 1973. it is 
reported that the plant attained its full capacity 



Figure 3 




' P.i.-ilH C. J- St^^.im Prociuction at Trie Gt^ 'scrs 
r,*vjtn«'f n-il F;t'!cl ■ .ind Finni?y J P ' Dosiqn and Opor- 
.•,!i.-.rv Tno G.^ysor . Poa-p' PLirU ' in Gaothcrmof 
Energy Kru^;or nnfl C.)t!*^ on Cit 

•"Courto'.y of D Atu\Qr-.>t\ Divr.'of^ <>f Oil 8t G.r>. 
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of 75.000 kilowatts. Tho<lry steam and hot water 
plants are similar witfi respect to the construction 
of the power plant. 

FigiifO 5 sho\.\s the tuibme p' itfotin insKlo of 
a 110-megawatt plant at The Geysers (Units 5 
ai^d 6). Two 55-megawatt turbine generator sets 
are shown. The plants are reliable, and have 
little environmental impact in comparison to 
other thermo-electric power plants. Costs are ex- 
trer^vly attractive. The cost of power generated 
by steam at The Geysers is about 60 per cent of 
that of power igenernted by competing fossil 
fuels = 

Many of the known ii/drolhormal systems do 
(^ot pioduc<< clean fluids Notable are the high 
saim'iy qoothermal fluids ol the Imperial Valley. 
Cahf.. and the bicaibonate geotliermal reservoirs 
TufKey •• Extreme noposilion of calctto. coi- 
fosion. erosion 'and numerous other problems 
have prevonted development of electric pov.or 
f'oni these resoivoiis. 



Figure 5 




Need for Utilization Technology Research 

In .H.vnt-on [o so!vi:K) [)!OOloni5 ar^socialr-rj 
-'^ a.fty tlu.ds r.ov.- clr.Mi'^q tocfmologi^'S aio 
•'.•■"'!e(i n.-^rnni r:t-r[)or (jnihnq mlo h'QlifM- 
t..-»:M.; H f-H rM it.of'f; M lo\\pr cost Alsu 
r .1'.' v.' ii ■5^''nnjl'»ticn {or.hnicj'jos for ecsO-. 

'h'':-::-U :,ys^vvs =:nr} fr.Mv fn'\i:)h\ hot (jiy- 
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the same way as shale oil is regarded by the 
petroleum industiy, 11 is a question of when the 
secondary eneigy sources become economic to 
f)ioc1ucc. 

Binary-fluid cycle power plants such as the 
Magmamax are expected to permit utili?ation 
of low temperature (less than 180 Centrigrade) 
brme reservoirs for power generation. This is 
accomplished by pumping the hoj water out of 
the well and transferring the hea^ energy to a 
lower-boiling fluid by heat exchangers. This 
secondary ' power fluid" is vaponzdd at high 
ptessuie, 'and the high-piessuie vapor is used in 
a closed Rankme cycle to drive a gas-expander 
turbine connected to an electric generator. While 
such a system has yet to be demonstrated in this 
countiy, tlie Russians have been operating a^ 
750 kW binary-fluid cycle plant using 90 Centi- 
giaoe hot water with Freon as the "power fluid." ' 

Heat exchangers and gas-expander turbines 
have been used in industiy fcr many years. The 
use of tlie binary system should not bo dependent 
0!i development of largo amounts of new equip- 
ment. It will reqiiire tho ability to solve problems 
of contfolling mineral deposition in heat exchang- 
ers, and in some cases, the extrf?meiy corrosive 
naUire of the brines. 

Groups are investigating tho total-flow con- 
cept. This type ot system would simpiify plant 
CsVnstruction a great deal in that the totol fluid, 
steam and water, would be del:v'ere0 to the 
tut bine for recovery of power. The;eby would be 
ohniiPated tho need for tho steam separators 
and separate sw^am and hot water gathering lines. 

Vaiious segments of our ir.dustry f^ave been 
cari>;nq on research and development trying to 
dovelof; nr-.v technology ami equipment. But to 
havt) a ttnicly iJ(wolof)mont of this resource, we 
thin^ thoit) will bo need to ciccelor.ate and expand 
our losoarch programs. 

RANN Geothermal Programs 

Th'oo major pioblerns iiihit^it thp dt)V0!op- 
ni'^-M of qeotlioipial resources today. Tho. first is 

of finriinq qootiiermal energy in sufficient 
i of'CMitr.Mi-)'^ \o justify ccofiomic development. 
Tl^iS -s a rat[)(M bioad pfot)lom and involves nil 
■ iSfKjcls cjf (.:(\oloqy. fjoophysics. and qeochom- 

{,:■•;'..:'•; ',.1. .f ^ ••.•t>|»(!. Afp'firy 
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isjry- 'fio conventional oxphMatoi^ activities that 
qo I'l'v* '"u.lincj niinotal losouicos 

T'^^ j^ocorrj piobloni is nioio of an (MUiinooi' 

ass'--s"*enl of the cyuality ot wells a.'Kl the resef- 
vo:f the rDechanjca! and fhe^nical engifH^er- 
•-■•.ons associated with utilizing the flmcts 
■ p^c .iiicod above giound to generalo 
fh\ * ■• .'.ower 

r ■ illy th(Me IS a bioaci lange ot pioblems 
: iM fMUMrc^nnienta! issues., legal and po* 
».S'.;fS ano -f^sliti'tiona' cMoblents The 
:'. Sc.en(\^ Feueoation iRAN!N) piogrci'iis 

■ a '11 q»'i''*fc\l lo ptovicle a concoitotl 
■1^ 'iM tf'r<?e issues. 

RANN qeothornui 0i'0;uCts a low \\\\\ 
V 'I'^'ei! Uiat ilhjstfare f^'^NN princi[)los 

■ F, :.jr(? 6 sht>%'.s a Livi^aooi in Mau'.a 
.'.-.v '.n-j »\a;.'.)r\j! V;V':*affc ■ Park, on th^^ 
■•■ hi.r.',a.. 19"'2 Lav J lojruaais are evi- 

5 l^x) c "'"^\ect!V''' mot^o'i of the lavxi coukl 
■ vts-Iy at *an' s *'V Th.s voicaf^'^ stayel 

RANN Pu.'iecrs arc Ha a a;:. Thn f.:st 
; thr- d'-.;!.no of a \\o.\ nea'' Kilauea Crater 

■ --^0 'jv G-^oige Ko'ier of the Coloiado 

• \' '^rs *h-.s or eject :i 4.000-foot well 

* qoo'oO'Ca.l J.nd riPO[^hys*ciI 
r^r: -.laM 'S C'ln^'t'iiy b''^ie.g pvaiiiatea 

;*): io'*-; i':'^';:-'' .'^ 1';** o-i'^e pa' ;^vt o- 




tigator This project typifies thp sort of program 
that RANN has supported in sevcial areas 't is 
an ifilOf -disciplinary pio)cct aimed initially al 
liuating soine.i^^ o^ hot fUiid on tiie Island of 
Hawaii. The fiext phase v.ill involve drilling wells 
and is ati engineering effort aimed "at I'tilizatiori 
of hot fluid in a bioad sense Finally, the progiam 
;s amu^d al investigating institutional, environ- 
mental and legal issues that would be associated 
v.ith th.o development of a gectheimal industry. 

.Another interesting pi^.iject is at Marysvilie. 
Moraana.- ' Dr. David. Blackwell. of the Geo- 
physics Deotiftment of Southern Methodist Uni- 
vef'sity. identified an atea of very high heat flux. 
In one small drill hole. Dr. Blackwell found the 
heat flux to be ten times the normal average. 
Geophysical work cond'jcted in Phase I of this 
project has identified a neai-surface geotherma! 
mnss of appfoximately 100 cubic kiloa'^oters m 
Size, shallow enough that it can be reached by 
drilling. The next phase is intended % involve 
OfiHing a v/ell. to xletermine just what this particu- 
lar anomaly is. Rogeis Enqmeerir.g Co. Inc.. San 
Francesco, will be r(}SpwnS'hie for drilling the 
doep test v>eH 

Figure 7 shows the Stanford University Geo- 
th^rmal Dfoject .well model. This project is 
a llied It a study uf •^eIl stimulatiOfi. and assess- 
:nent of boili'^q f^ow ♦nrough porous locks This 
■uoject is also mter-d'SCiplmary involving civil 
'■nq not/ri'^g ^hrougli Dr Kruger and the Sla'^^ord 
el Earlh oeicMices Ihiouqh 0? Ram»^y. 

Conclusion * 

Figure 8 presents a view of the llalia-i geo- 
tfv>r'>Ml steam he'ds where <t all began 70 yeajs 
iq.). The bulk ;>lr)riei'i t(^-:^Tnology actually has 
.'iceumijl.i-f i ^n focr-ru yp.lis. and th(Mo is 
i or..*:l O'- ]! ^'--V.'.r- iti.;u! ll'f^^ fi<^ld H.K\e7e! 

■: viriri t'xpiota:?'y r*ncMf^'::s . a-!iieri at fmdir^g 
rt.. .t>M;' ii ffi; -Js ^'.hpin .'^.^ surface evtd'"'Mces 
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Figure 7 




Figure 8 




exist have been employed only recently m Italy 
as well as the rest of the world. This effort has 
led to the discovery of one of the biggest goo- 
thermal wells In the world. The well has a pres- 
CJi-c of 60 atmospheres and would produce some 
/OO.OOO pounds an hour of steam. This well was 
viev/ed during a recent Joint USA-Italy Geother- 
mal Seminarl'" Returning to Figure 8. this view 
is typical of W Italian countryside in geothermal 
prnrtii'-ttive areas as they appear currently. The 
Italian^ geothernrial industry involves many fields 
and perhaps 400 wells. It is nestled in a pastoral 
setting. The vineyards thrive, the sheep flocks 
multiply and. in general, the effect is a pleasing 
combination of electric power generation with an 
attractive environment. 

Fmally. we would like to cofnment that for 
present development of geothermal powe-- to 
move to meet national needs, much cittentior 
must be given to legal.* political and institutional 
problems. If geothermal energy is to be devel- 
oped on an aggressive basis, it ne^do incentives 
for development, at least equal to those for de- 
velupment of oil. gas. coal, and other energy 
soutces. This is such a new business that aston- 
ishingly f5w ground rules exist. 



'-Personal observation. H. J. R.. Pisa. previously 
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Wl^P ENERGY CONVERSION 

Ronald L. Thomas 
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Can the energy in the v/inds bo utilized to 
h^ip rneot our nation s, energy needs? That is 
the prim-nry question^ to/ be answered concern- 
ing a very old. but -presently little-used, source, of 
energy. 

Winn energy has several advantages that 
make it worthy of a reevaluatlon as a potential 
energy source These advantages include: 

1. Wind energy is a free, clean, non- 
orplctinq energy source. Wind is ? 
fnrm of solar energy that nature con- 
'.'■^^niratos in certain areas and allows 
■iS to capture without using a large 
.I'j- ^up! of land area. 

? Pieliminary estimates indicatt *hc!l 
v.ind could supply a significant 
amount of oljt electrical require- 
ments.' 

3. Utilizing energy from the v^ind is 
technically feasible: this :s discussed 
more in detail bclov. 

The disadva'">iaqes of wmd energy includn 
Its var nb'hty a'-d the. high systems costs of past 
efforts O'^ an hourly or daily basis, the winds are 
.cj.Mj* f^uj.-il?!^ Put on a monthly and yearly 
iv(^f iQi? [J^f^ ■A""''!s am ""i rather f.rm o'^o^qy source 
P.iSt oxotHifM^cp shown lhat winri or^erqv 

. sys*pn^c hiv^' usually cost .\\^c.\\\ tv.o \c, ^ivn !-a»e^. 
Pir-./n f ~.ss'i fi.i(?l S 'Str^m^ a b.lSiS nf kilo- 

po' yM How^vet. '"'f^w that 'lioIs 
\c V'^^^ fX'iJivnntjon.al -up' costs 
. r; , . J f Q :*::}'■'* i ■ ■ t ^ ""J r ' ^ » ■ ■ y -I • > * ' f W .V i ' ! 
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• The Dutch have used wind generators 
for years to provide power for pump- 
ing water and grinding grain. 

• The Russians have been investigating 
wind powei and^ built a rather large 
machine in 1931» This wind generator 
had a 100-foot diameter rotor on a 
100 foot tower and delivered 100 kilo- 
watts at a wind speed of 24 mph. 

• The Danes used wind as a major 
source for many years. They bui't the 
Gedser Mill System In 1957 and op- 
erated it througfi 1968. This wind gen- 
erator produced 200 kilowatts in a 
wind of 33 miles an hour with a rotor 
diameter of 79 feet and a tower height 
of 85 feet. 

• The English built several large wind 
generators, One machine was the 
Enfield-Andreau. built in the early 
l9fS0s This machine had a maximum, 
output of lOO kilowatts. The rotor was 
79 feet m diameter mounted on a 100- 
foot tall tower. 

• The Smith-Putnam machine was built 
in Vermont in 1 941 and supplied power 
into the hydro-electric grid. This wind 
qenerator was the largest ever built 
with a rating of 1.25 megawatts in a 
30 mph .wind from a 175 foot diameter 
K')U:)f on alio foot tower 

• The Germans did some fine work in 
the 1950's and 60*s under the direc- 
tion c* Dr. Hutter. Machines of 10 and 
100 kilov^^atts were built and tested 
ovr this period The marhme? used 
liqht f![)rrglass t)UulPS VMth a simpln 
hollov. nice tower with guy w-ires An 
:ntrrpsl:nq point of this qpsiqn is that 
.\ fj^^iivprpfl it55 riU^vl output of 100 ^.'0 

\Vs^ .It 1R ni if^s an hour At tf'.'S wmrl 
';!)f>p.| fnf)St ot thP other nvich.noc; 
.'.{MP jiiSl l)nq: rvii riq \{\ pfnrinc^ pf^vvPr 
1 M»"' Cjpf fri !''* pffnrt rep? ? T.cMt^^; tfu- 



modern work to date for machines of * 
this size"; • 

No large machines^ ard in operation at 
piesent. Howovor. several finrrs around the world 
are supplying wind generators in the range of 
5 kilowatts or less. 

Given that wind generators are technically 
feasible, the question can be asked: Why haven't 
they been more fjlly utilized? .There appear to 
be several reasons:' 

V The is variable and the wind 

generator by itself cannot always pro- 
duce [)owor on demand. 

2. The costs of v/ind-gen'^^rator systems • 
have been high compared with.^tf'ose 

of fossil-fuel systems. 

3. There have been no recent sustained 
development efforts. 

As mentioned above, the wind is not de- 
pendable on a short-term basis. But on a monthly 
and yoariy basis, the winds are fairly reliable. 

Seve.^M options arc available for reducing the 
effects of vvmd variability. These are: 

1 Storage systems, including batter- 
irjs f!y>> hoels. pumped hydro-storage, 
compressed air. and electrolysis of 
v.ater to hydrogen. 

2 ConrectjnQ wind generators to small 
diosc-i-oloctnc systems, which would 
$.«vo Iw-^I and provide supplemental 

3 LJ'g^> systems connected to 
^y.r ;--!o^:' ic systems to provide 
I) ifA-' ■ ! p-:\\or. In such an arrange- 
■V ' '-'.^i' qenorators could sup- 
:-.y /. ho'^x-vcr the wind is blow- 

T' -?.-. '^:; wMer to be saved to be 
\ r^o wind droQS off. Our 
!^y;!f) •^'.'f t'lC systems aro water !im- 
:U! : .ir : ;.''-r.i I'onerators could in- 
■■ rr •^■.^ b.\sr! load of tht? systems. 

.: ,\ r^.: fi'-'-'^'.i^ofs connected in a large 
.'If-. J I '^-s- prove practical for 
i; 1^0 Ion 1 pOAor Ovor :\ 
' ir';.. i:.-^ I thp '.M'xl f~nay ho alw-iys 
p<':fcontaqp tho 

. : ■ .I'-'U'd t^. •js-^ess thosn noph-a- 

■ , *■ 'y thP cost ;;o*iis for the 

:KOaS .'"^^ilSl ."icludod in 



practical energy source; these include: 

1. posK reduction of subsystems and 
compcments. 

2. Wind characteristics to determine 

* practicalXpotential in the U.S., the- 
wind regions and preferred ^Ites. 

3. User requirenients Including verifica- 
tion of site characteristics. 

4. Legal, environnrental, institutional and 
aesthetic issucsX 

5. Testing of larger \rid improved sys- 
tems. \ 

Some 'Of the first steos fti this program that 
need to be done are: \ 

1. Design, build and test Viodern ma- 
chines for actual applicaiiono. This 
will provide baseline information for 
assessing the potentiahof \wind en- 
ergy. * 

2. Determine actual power cos m real- 
istic applications. 

3. Identify subsystems and components 
thai may be further reduced in cost, 

The practical conversion of wind energy is 
a major part of the NSF Solar Energy Program, 
The NASA-Lewis Research Center has also beenj? 
working in the area of wind conversion for the 
last year and a half. At the request of the Puerto 
Rican government. L^ms has agroed to perform 
a conceptual design of a wind generator for 
Puerto Rico Puerto^ Rico has favorable winds 
and a raoidly increasing demand for electriu 
povver. Possibly, wind power may prove to be a 
valuable source of energy for Puerto Rico. The 
NASA will be participating in the overall NSF 
Wind Program, particularly in conversion systems 
m the Size of 100 kilowatts and a megawatt. From 
those systems tests, it will be possible to make a 
'calistic assessment of wind energy conversion 
^ysitfms costs, operating characteristics, and the 
potential for significant power production. 

As its part of the program. NASA will.be 
designing the 100-kilowatt system for test in 1975. 
This rnachino will be similar to the Gorman design 
mnntioned earlier Tho design calls for a rotor of 
■?5 feet m ^iiamoter mounted on a 125-foot tower. 
TSvo machine is designed to provide its not output 
100 kilownfts in a wind velocity of 18 mph. 
Tnr: controls will bo located in a remote control 
room at th(» baso thn tower The pitch of the 
fo^or l^lacjf^*^. Will ho vnnnd to maintcvn syn- 
(:hru'*'Ous sp^'HMi fo^ tli'* qfMifMator 
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The 100-kilowatt system will provide baseline 
costs and neejied operational experience. By 
1976 additional lOO-kilowatt field tests are planned 

• in several locations of the country. In parallol 
with these projects, -systems designs will begin 
this year for megawatt-si^e machines. The re- 

. sults of the 100-kilovvatt tests and the Phase 0 
applications and wind studies will help directly In 
the megawatt systems design. If these results are 
satisfactory, testing of a megawatt system is 
planned for 1976-77 with larger systems following. 



Conclusion 

In conclusion, the following points are rele- 
vant to the utilization of wind energy as a source 
to help meet our energy needs. 

• The utilization of wind energy is tech- 
nically feasible. This is evidenced by 
the many past demonstrations of v;ind 
generator?.. 



^ • A sustained cjevelopment etfort may 
result in wind-energy systems that cire 
cost competitive with fossilMuet sys- 
tems. The cost of energy from wind 
has been higher than from fossil fuels 
but it may become. more economical 
if fossil fuels continue to rise in price.- 

• The short-term unreliability of wind as 
an energy source because of its vari- 
ability can be reduced by storage sys- 
tems. Other options are connecting 
wind generators to diesel and 'hydro- 
electric systems and disf)crsing them 
throughout the large grid"networl<. 

• Wind energy appears to have the 
potential to meet a significant amount 
of our energy needs. Like all ot)ier 
.sources, it will not meet ail our needs. 

Wind energy is one of the clean, non- 
depleting energy sources that should be seriously 
investigated as a source to help meet our nation's 
energy needs. 




\ 
\ 
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SOLAR ENERGY-THERMAL CONVERSION 



E. R. G. Eckert 

Regents Prc5fessor of Mechanical Engineering 
University of Minnesota 
Minneapolis, Minnesota 

Roger N. Schmidt 

Technical Manager — Solar Energy 
Systems and Research Center 
Honeywell incorporated 
Minneapolis, Minnesota 



DR. ECKERT: 

The. sun' provides us with a souV'ie of abun- 
dant, clean and safe energy in tl e form of 
radiation. Two statements demonstrate that it is 
abundant. First, the solar energy arriving as radi- 
ation on our globe in one or two weeks is equiva- 
lent to the energy contained in all fossil fuel 
reserves as we know them today. The second 
statement is illustrated in Figure 1. The black 
area shown on the map covers 1 /500th of the area 
of the United Stales. Solar radiation impinging, 
on this aroi would — when converted with 20 per 
cent efficiency— satisfy al' our ptesent needs for 
electiic power. 




be comj.'iined with another power plant — fossil or 
nuclear. 

The solar energy flux is also rather diffuse. 
On a sunny day. apppoximately one kilowatt ar- 
rives at an area of dne square meter (or 10 square 
feet) oriented perpendicularly to the sun's rays. * 
One has to collect the radiation arriving from the 
sun over an area of some square kilometers or 
square miles to feed a solar-thermal power plant 
with a size from 100 to 1.000 megawatts. 

Several means of collecting and concentrat- 
ing the energy are available. Figure 2 is a sche- 
matic of a solar plant. A parabolic mirror or an 
array of plane mirrors' concentrates the solar 
radiation optimally on the surface of a pipe or a 
vessel. Jho radiation is absorbed there and con- 
verted to heat, which is picked up by a fluid and 
transported through pipes to a central spot. It is 
used thereXfor heating or industrially or it is 
converted by^a thermal power plant into electric 
energy. To different degrees, the various con- 
cepts 0^ solar thrrmal plants supported by NSF- 
RANiN or which are considered for support make 
use of opt'C-'^i concentration and. collection by 
a fluid. 



On -^Ihor haivn. som.-^ c!v(f acir^.'S!:cs of 
.-..••.f'i:^-..,M.t c;:,}a^vhofm li pLint is *o bp buiP Solai 
Nm rj^irqy .'Ur^vos at niqht It is strMr:q:y rodwCOd 
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Figure 3 illustrates the solar tower concept, 
which uses optical concentration almost ox-. 
' sively. The black, rectancilns in the figure indi- 
cate mi.'ors. A large number of those ^covers 
the field over which solar energy is collected. 
Each mirror reflects the solar radiation to the top 
of the tower, where it is absorbed and^ thus con- 
verted into heatxand transporter by a fluid to the 
base of the tower. Jhis concept is being studied 
by the University ' of Houston with McDonnell 
Douglas. As a hybrid plant combined with a fossil 
power plant it is also proposed by SchjeldahL 
together with the University of Minnesota and 
Foster-Wheeler. Combined with a hydroplant it is 
proposed by Martin-Marietta. * ^ 

Figure 3 , 




F.quro 4 shows anothnr dnsiqn using para* 
br.l.c fnr-r.rs. vv'nich again cover tho cdlloction 
fiol.i Thf-y ncMiCf^nlrato tho solar rarliation on the 
Ujff.'tco 0^ pipos. vvhP''o it IS again abs.grbed anci 
...ansportod as heat by a network of pipo. linos to 
\ contra! ioca^ofi This concopt i^ being stiuJiori 
by tho Univorstty of Minnesota with Honovwoll 
Thr p.ir.jboliC miffors can finally bo ropl.iCOf.1 by 
piano absor[;ors wlvrh again cover a tK'ld sovoral 
sq:ja;n ktlomoUMS i;: f;:?o Tho collodion of tho 
absO!b.--d htat -s -iccomolishprj by n tt.ins'of flu-d 



• • Figure .4 




This scheme is under study by the University of 
.Arizona and Helio Associates. 

Our present knowledge is insufficient to pro- 
viae the basis for a comparison of co^ts of these 
coi>cepts. Detailed analytical and experimental 
investigations are required to determine which is 
supcriorklt is also possible that the efficiency of 
each ^;ah be increased by the application of 
modern technology. 

MR., SCHMIDT: 

Most solar concepts were-Jirst presented 
years ago. For example. Figure 5 shows a photo- 
graph of the Shuman-Boys power plant. that gen- 
erated 50 horsepower from solar-heated steam in 
1913. It happens to be a trbugh concept, but both 
tho central-receiver and flat-piate concepts have 
b6;on studied for some years on a limited basis. 
If those concepts are old. then why have th^y n^: 
hoen used before and why do we believe they 
now can be successful? Of course, the economic 
and other ramifications of the energy crisis have 
a large influence. But oqually important are the 
fUHv materials and new technologies we^have to 
draw upon. 

Shuman-Boys and solar power enthusiasts < 
morn recotil limes did no^ have durable, selective, 
solar absorber coating^, nor heat pipes nor ac- 
rurato pointing .systoms. All of those have bnon 
ciovoloppci by tho aofosparo Kuiimtry in recent 
y^ars Nor did thoy tiavc th.o durable rrurror foat- 
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Figure 5 




i^gs and aiitcninted mass production v.e have 
today. 

lio?y-tempt:jrafture saturated steam turb'nes 
and h{gh-ter>^peratuf e gas heat transfer h -'o only 
recently been developed for use m ti' .ucfear 
mdustry. These technologies and many more too- 
'lumerous' to mention improve the chances of 
{[educing the cost of solar Dower to the point at 
v>>(j{ch it is competitive with, more convehtipna! 
mdsnns- The major concern of solar thermal power 
■is economics. How can we build a system that is 
compo^t've with conventional and alternate new 
sourcOsNpf power?. 

Depending on the amount of energy storage 
fequ'red and' v.hose cost estimates one uses, 
sola'' pc^A»r pla'^ts are expected to cost anywhere 
^^om $500 to something over S"* 500 Der-'k'lowait. 
Nuclear plants being designed for construction in 
tho lalf' 1<^70s are oxopcted to r.os^ about $500 
per K^'ov.att. Foss.l'fuel plants nrojnctoci *or the 
same cor:od ar^ expected *o cos^ $400 pe'' 
kilowatt. 

A mrijor cost of the sclnr t^e^-'nal pow'^r r?Iar>t 
■s sto^-iQO Evc^ ?.s I'ttle as th^^e Holts" sVorage 
'TqL. rcs -ibout 20 Dor cent of t^o oownr ola^! 
':.^pital ?-nvos*nM^nt 'F '-^urn 6i. StO'aqo of one ot 
tv.o day^ adds r:onsi'l*?rablv *o tho pov.er ola'^t 

^.♦h .'^r!y throo hours stOfnqc, how can a 
solit oo.V'V planr ^iHctior^ ovor a daily cyde and 
r.lOvJiiy 'Aoai'^c'^ f-'^l a sola*- o'ant will, probably 
no- Sta''d rvor,r It v. ill he '^tc-OMtr^ :m a DOVv^r 
grid V. ruiOloar and foSS'l-f JO'^rl niants As 
such ]\ 'ny be oosS'b'*^ to 'jso t^^-"' solar oowor 
pia'^' n$ a lond'^olin\\:r^q niant Fiouro 7 show?. 
hO/V i.j.Kl a'vj* »"*sola?- on co^r-dn in s-jnimp'- and 
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By this we mean the solar plant will generate 
power during the peak load periods of the day and 
year. There 's a corfolation botwoon the weather 
renditions and a load on ^ utility — air conditioning 
bf^mq the major drainmq factor. For example, a 
recent study in Dallas showed that the utility load 
would drop 40 per cent if the temperature dropped 
^'om 105 to 85 Fahrenheit. Peak load is con- 
sidorabiy more expensive for a utility to supply 
than base load power. Utilities often lose money 
S'iDDlying this peak load because it costs more 
■ generate the power than regulations permit 
!hom to charqe lor it. Peaking is often done with 
qas or oil-fired turbines which are expensive to 
opofato- 

In a F^ANN study }ust romplptnd by the Aero- 
space Corooration. it was found ihat solar thermal 
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power has a higher probability of becoming cost- 

cot\ipetitivG vvi.th conventional power in the peak- 
•j'ng and intermediate application than in a base 

load operation (Figufo 8). In fact it was found tl^at 
/ by 1990 a solar plant would be competitive if. the 

collector field costs could be held.ai $15 to' $25 

per square meter. 

The bus-bar electrical cost is projected to be 
about 10 centsS a kilowatt hour oy 1090 for poakinq 
purposes from both a solar and a conventioiial 
/povy/er plant. One reason the prospects for solar 
^energy look good in this application is that it 
generates extra power that can be used in a 
non-pe/ikmg requirement just to save fu'^I. Pay-off 
credit car? be taken for this fuel savings. 

In summary, we must realize that solar power 
today is costly. The photons are free, but the 
equipment necessary :o collect those free photons 
is expcfnsive. 

On the positive side, however, we have an 
abundance of solar tochno'ogy to tap. With the 



proper use of U.S. capabilities and resources, we 
should be able to reduce the cost of solar power 
to a level that would be cost-competitive with 
conventional power by the last 'decade this 
century. 



FiQurr 8 
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SOLAR HEATING AND COOLING OF BUILDINGS 
BACKGROUND AND ECONOMIC FACTORS 



George O.G. Lof 

Professor of Civil Engineering, and 
Director. Solar Energy Applications Laboratory 
Colorado State University 
Fort Collins, Colorado 



My role is to explain how buildings can be 
heated and cooled with solar energy. The pur- 
Doses of this explanation are to providesa little 
background and the current state of technical 
.levelopmon!. to show the economic prospects 
and to suggest ways of getting this technology 
:nto goncal use. 

For mar^y yoa.'T.. very modest effort has been 
r'A !<■: V\e :?^.vo^t c;a::r''^ the use .of the 
S'.i'i 5 er-it^'-gy. fo*- ihe honing of bu'-dmgs More 
T'Cerviy S'w-'ar coolir^c; has roce'vcd atteniion 
Hoa* ng ar-d Cv^ol.ng a^e technically feasible today 
Dnoonding on location in the United States and 
on the cost of other fuels, they are becoming 
oconomicaliy attractive. 

It shou-d soar be posstble to provide com- 
i)f'!K=ve hea^inn and cooling from solar energy 
\r. a!:out three-fourths of the United Stales. This 
cs! -r-ato :s based on use o^ simple technology 
i^-f-^a-'Jy .f^ oo^iste^co \o OfO. !o 60 to 90 per cent 
.i outldi^q's heating anci cooi^ng needs, and 
U5r-n aj)('I-a'y soirrf?s Iho balanc^'v The 
r:.;'*'":) -1^**0': of h(\i-^r'-q iVHi roo^'^'O makes *ho 
s jroroach feasible tod.ty in rn.:ir"y areas of 
•'"^ sOij'hem ce."!^rn! a.^d ev^^'*- so'ne northern 

r.;'-h'W !h" t^^fh.' ID if' ..^v^'-i Cc-r-- 

;)-jf/^*5\-. :v snn)!o a'-d civaMablc. t)ii! st.ii exp«rr! 

.^'■'■''1 n^'-n^^'v'- Th»» '^-^r;! is *-»f sorbin addi- 
♦ ■ j.iv'^': 'j^pt a "^d the 

1^ r.. p^r^-^ G J' d SliMS thPSr.' 

- A>^0'r dn ^* ■.''"1 th.q fir>lfi'? 

■ ;/ .itr'r i!-'"n /. iri^'.'y .I'^M ■ K". ess^ ! ! I y 
J r A:;<*' I'M J i: vv 1';^ i'-" a hrrntf-n 

•;jp ♦ i tr--*? ;jI)Oj* ?0 bu^ld.nris hav«" 



have provided useful data and have proved the 
technical feasibility of solar- heating. One lab- 
oratory has been partially cooled "by -Ihe sun 
operating an absorption air conditioner. The first 
full-scale solar cooled house is beihg^designed 
only now at Colorado State University for com- 
pletion in the NSF-RANN program early in 1974. 
While solar heating and cooling data are lin>ited. 
and much more are needed, we know that there 
(\ro no problems that cannot be solved. 

A few of tt.j buildings that have been par- 
ticularly useful in advancing this - technology 
'are solar-heated experimental houses at the 
Massachusetts Institute of Technology in Cam- 
bridge. Mass.: Dover. Mass.: Lexington. Mass.: 
and Denver, and a solar heated and cooled ex- 
perimental house at Colorado State University, 
Figure 1 is a schematic diagram of a solar heat- 
ing and cooling system. 



Figure 1 
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In the Gxperimontar system in my own 15- 
vyear-old ^6\ay heated" houst") in Denver, air is the 
hecit-colf^-^ctipn mediunv However, water will be 
used in the new solar heating and cooling sys- 
tem at Colorado Suite University. The water is 
heated d.iring the day and stored for use-^'U.i;Jight 
and for short cloudy intervals. '"^ 

A colleague and i recently have made an 
econurrj'u analysis of solar heating and cooling. 
Wc have found that in eight representative U.S. 
cities, i^'-'^^^e systems can provide solar energy 
for buildings at costs less .than twice 1970 oil 
c'.nd gas costs. Table I cor/ains a list of the 
principarvanables used in this analysis. 



Table I 

COK^ TIONS FOR PERFORMANCE AND 
COST ANALYSIS 

A. Dii'Ki .,^ocl 

Fof. of 8 cities (listecl in Tabin II). 8760 

nO'..- vjijes (one complete yean of. 

1. A- ^spheric tempcrfituj:e. 

2. S.- ^ ar radiation on rfbnzontal surface. 

3. S -'•at position in sky. 

4. W'r>d velocity. 

5. Rr-'ative humjdity. h> 

B. Design variables 

1. Tv.o house sizes. J5.000 and 25.000 British 
thermal units (Btu) heating per degree day. 

2. C: Hector sizes. 50 square feel to 2.000 
sauare feet. 

3. C^'Mector slope angles.- latitude minus 20 
IQ latitude plus 30 . 

4 CMilector glazings. 1 2. and 3. 

5. Storage sL^es. 2 to -0 pounds- of water per 

s.juare foot of collector. 
6 Collector 'heal capacity. 0 2 0 5 0 8 Btu 

p^'f S(;uaro foot oo'* dogfoe Fahro^^hoh 

C. Cost t-inses 

CoU(yA::r cos! 60 S2.C0. nnd 52^^.0 poi 
so'.j ^oot -or 1. 2. anu 3 glass covers, resp 
Storage costs. SO 05 per oounc! of water. 
OthfM costs- $375 plus SIOOG surcharqc for 
<ibS';rPtion a>r contiii'onf.'^ 

A'-'-'. !' r.r^.irqos b-jsed :}t) 20-yf.-i' .h-O' h/.i'mn 
jl H ;-Of cm t ir^toi OS' . 



Fjg'.jro 2 :Hrst-M*os. as an oxarnplo the cost 

.t^focti".*: r^v ^'''^^^ C'j\\ar.\ }i S"*'o T.jbU'' (I shov.-s 
thp^ r.}-rH -f iiiVf ;:ostR o- hPntmc] ;u^d f:nolir.a by 
s:»^ir avo co?-/f -itiMi*:;! s A):c.n^ n Mqht f;it:PS 




Figure 2 --Albuquerque 
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In every case except Seattle, solar heat is 
cheaper than electric heat. In two locations, solar 
he7t is competitive with fuel, in almost all loca- 
tions, the addition of. cooling decreases the cost 
ot solar energy because of more continuous use 
of the s^me equipment. And even more important, 
we knov; that this energy source will become in- 
creas'ngiy competitive as fossil fuels become 
more expensive. 

That such incrr^asos have already taken 
place is evidenced by ioconl oil and propane 
prices. With fuel oil around 30 cents a gallon 
and propane at about 35 cents, the cost of de- 
livered heat is now in the neighborhood of $3.80 
and $5.80 per million Btu. respectively. Under the 
stated conditions, the cost of solar heat is seen 
to bo substantially lower than those current liquid 
fuel prices at nearly all locaM(;ns. 

The conclusions indicated are based on sev- 
oral assumptions and estimates, the most im- 
portant i)e!nq solar colloctor costs of $2-4 per 
squaa:i foot — Iho latter being the approximate 
current Docn of Austraiiai^ solar water healers. 
Tho col loci or. ropmsenlinq^v most of thr? system 
cnst. a q'ass-covorod black ^notal surfa^'o. wi;.'^ 



Table II 

COST OF SOLAF^ HEATING AND COOLING- 



-$ PER MILLION BTU' 





Oil 


Elec- 


Solar 


Solar 


O o 1 o r* 

ooiHr 




or Gas 


tricity 


Heating 


Cooling 


CoMibinell 


Albuquerque • 


• 1.08 


4.63 


2.07 


3.27 


1.73 


Miami' 


2.75 (oil) 


4.87 


>5.00 


2.26 


2.13 


Charleston 


1.14 


4.22 


3.34 


3.50 


2.47 


Phoenix 


0.94 


^ 07 


2 86 


2.05 


1.71 


Omaha 


1.23 


3.25 


2.93 


5.41 


2A8 


Boston 


2.04 


5.25 


3.02 


8.74 


3.07 


Santn Mana * 


1.70 


4.28 


1.57 


14.60 


2.45 


Seattle ' 


2.20 


2.29 


3.ri'. • 


19.63 


3.79 



' Ono compulation only J*^ 

Design optima based on least cost solar heat for purpose or purposes 
indicated shov; minimum solar costs in each location. 

Water heating includod. 

1970 fuel and electricity prices, adjusted for' 56 per cent oil operating 
efficiency and 67 per cent gas operatmg elticiency. 

Solar cosis based on 32 per square foot collec tor. 20-year life. 8 per cent 
ir^terest. $1000 surcharge for cooling. * "^^ 

Large house, heating demand ^ 25.000 Btu per degree day plus 25.000 
Btu per day wa?fc>r heatmg. 

SOURCE: Lof and Tybout. publication pending 
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r.---. sion for passing a fluid in contact with it for 
'■{■■M transfer. Capital cost of the collector, stor- 
.\q*\ and all other system components are as- 
su'Pod to be amortized in 20 years at 8 per cent 
ffitn'ost. 

Several :h ngs will bo required if solar sys- 
\-}n'^ are to be available for use in the nedr future. 

First, industry will have to make an efficient 
solar boat collector available at pnces below $4 
per square foot. Cooling units specifically de- 
signed for efficient sokn operation are also 
nec:ied Tho development and improvement of 
complete integrated systems of heating, cooling, 
water heating, and auxiliary energy supply must 
bo accomplished. 

Second, industry will. need to undertake a 
ni:i:or markptinq effort to bring solar energy to 
!ho oubl'C Ar^ important market will De in sales 
to commofctal establishments where reduction 
in hcati^:q aricj cooimg costs can be readily trans- 
lated into economic benefits Such, establish- 
neon's many of which have large. fUit roofs, are 
.TMdiiy c^daptabte to this application. 

Further maiketmg efforts will be needed to 
-^.how architects and builders the advantage of 
.ru:l!jdinq solar systems in their construction plans 
f.or r^ew fJweHinqs. There is also the need to 



convince finar.cing organizations that solar sys- 
tems are eligib'e for inclusion in mortgages. 

An additional market for solar systems will be 
in the retrofitting of existing buildings designed 
for fossil fuels. Bo^h commercial and residential 
sectors are potential customers. 

A major area of consideration is that of sub- 
sidies, if solar systems are to meet a substantial 
part of the country's growing fuel needs, they 
will have to appear soon, and be of low cost at 
the outset. This suggests needs for incentives to 
buyers or subsidies to manufacturers engaged in 
development and in tho early stages of production. 

if industry becomes active in the manufacture 
and sale of solar systems, and if incentives to the 
producer and the purchaser are adequate, it will 
soon be possible for solar energy to reduce the 
rate of increase of fossil-fuel demand. It is my 
firm opinion that demonstrrtion and somi-commer- 
cial units can be available in two years, and that 
sales to the new- construction market can begin 
within three years. In five years, there could be 
thousands of homes and businesses heated and 
coo'ed by solar energy. By 1985. there could be 
m nxistence- a solar equipment industry of a billion 
dollars a year, saving hundreds of millions of fuel 
dollars. 
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I would not feel comfortable if I did not close 
with a v^ord of caution. I have been active in this 
field longer than anyone in this country. I havo 
seen n few successes and a lot of failures. I can 
assure you I have had my full share jof the latter. 

Noarly 20tyears ago. there was h great v;ave 
of enthusiasm for\solar energy development, and 
use. Great optimi-sm prevailed. Those who were 
sumc/.Mcil skeptical wore nol believed by tl^e 




enthusiasts. But 'time proved thorn right. The 
reaction. to the overselling at thaU time set back 
solar technology. . * 

So. let's noi oversell again (hither by making 
piorrtises we cannot keep or by rushing afiead 
v/ith poorly conceived and inadequately engi- 
neered concepts. 

• We car.iot afford failure in our effort to make 
this great energy resource available to alt. . 



SOLAR HEATING AND COOLING OF BUILDINGS - 
RESULTS AND IMPLICATIONS 
OF THE DELAWARE EXPERIMENT 



Karl W. qoer 

Director. Institute of Energy Conversion 
University of Delaware 
Newark, Delaware 




In iqoking to^'the time in the future when 
s^y. \r house systems can begin to reduce the 
fu«^» demand, one sees alternatives lo low-tem-jer- 
Zi"'-.'^?. conditioning of air m residential and com- 
r- -cial spaces. When solar air conditioning is 
•.'•^•oduced, the first step will tie taken to reduce 

■ p(?aKs of elertrical demand that cause b/ovvn- 
o today and force us to use expensive fuel 

njr rj^oakir.g power plants. New means of solar 
aw cof1dit^Gni^g are being developed. These 
rnoans include new absorption systerr-.s. combined 
(1r-ss?ca!icn and nvaporntion systems, and solar 
r.vTkina pnq.-nos drivmg conventional air condi- 
tioncs. 

Thr« woTK none ^ocpntly at thp University of 
Do'a.v.'uo ^r^jica-os l^^at a maio^ ornofit could 
■osu'l ^''^'T^ siJ.'i anotMor means to convert solar 
onprqy— the co'-^vcsion of surJiqht directly into 
r:'p-!'\My ?i icon sota? cells have beon in use 
f-M yr-a's *c powrM- airiest all of ou»- space 

^^^"^';^tPs fhpy :ko s-M vr'ry oxpnnsivn but prom-:.. 

'^0 '/rn-'k '^ p pi ogress to roducp this price 
.:-.rn.i- :::il y Nr! au'tp as of^^' .^'ifi!. hw! MTiir.h less 
r '•^/iy 'I'P cadn^utn siilfioe t^olar cells. Th'-nner 
:-v" a '^■jr'VT' hair ihpy cop.vr-t 'ull sij^'s^v''^'' into 

/. '.f* *-*e ^v.^xt 'e*;, y^?a'r> 
;*;.: '» v-i'-!^ '^'o s i'f''lP ce'K ^f'- ruf^'^rVly 

•. ' .i ' ! . .» h')iis»' ^^nlnr One f";^ 
/•■ .f»;'.'*v ["''V.i'/. .tM; r..r'»*:u.^ .U \'pvvark 

5'- *^^ a ^v/jiis^? ■'i'^ <''.\)\'. Ti'^-.""^ ? f-anels 
V ' 1 ( 1 : t J ' s ' ; ' f J 0 ^*''!Tr '*.r:I!r. 

♦ . 1. |n |fp' "^T^ an rijaroMt i'^d have 

. ! '"^ ■- )■.■■'■* / -lis ^'W"!:;-'- ^••M*ed 

, ■ • . ■•-■^ ^,>r.<-:rr" t *u't^»^: T^^n hp.itfni 

^ /.; :f ov*t*l'^« i *h.' •■^gh a -^er^- 



Fahrenheit ana to warm the rooms when it is 
needed In inclemtjnl v^eathei a heat pump 
anip'ifies lower -grade heat to make the house 
comfortable 

In summer the heat pump acts as an air 
.conditioruv. it runs mostly during night hours with 
off-pnnk electricity and stces coolness in a res- 
e/voir at 50 Fahrenheit, A small fan f)Owefed 
by solar celts moves room air through this res; 
ervotf and cools it comfortably. Even during the 
Aiyivist heat wav^ the temperature in Sohir One 
rouv.]\npc\ boiov. a comfortable 73 Fahrenheit. 

Thn r-lPr.tfiCity haivesled thiough the solar 
r'.rlls IS st'^red in a set c^f conventional automobile 
l).:ttfv;es aruj usf^d lights and stove Other 
egiHomont anc rno^o's v^ill b^ ooeratt-d throuoh 
TJvi-^rters at MO volts AC 

Th.e f .'^'^^ e'v;tatns ?4 p.inpls. whfch may bo 
M>f)iac'^d at r-asp A par^.ei lifc' of 15 years is 
fxf^pr.tprj. M ofip p.u^nl sIim-iIH ^ail. it woulri npt 
.iffpct {ho sy^terTi s hc^-ilmr) .ir^d would finly^^slitihtly 



bo'.>v. S200 No rscionco and tnciliH)!oc^y. break- 
thi^-uo5i is noecicci and \\m\ piojtA »oil resocuch 
rtncl ciovelopment pffoit is stiaidhrv :!v\arci Tho 

sofo-! uy Y'lO NSr-RANN progiarn. \ 

SoUu OriQ is an example of use of the dis- 
tfib'itt'd onorgy of \hc sun convortod at the pjace 
of *h.; ronsunv?^ It sf^ows that v.o can dc/M- today 

hr.is.^ V. 't;^ oulSJ'do ai)ri\if ..ru:r ^v.iy slicihtly 
il '-t 'uVm Mrad'tiOfMl corstMjrti.^n and an 
iPS' i-' I'Vinq sp^l(•^' ox.'diy \\k*^ o.fi ruru^nt homes. 

'.hoS'- Of^n-poru}-^ts aic riiass :):oduced wo 
t'Str': that th(.'^,o r^jusos coa'd cost n(M moa^ 
th't'i r.»"'' CfMit nwarc^^than cor.vorUioaal houses. 
, A!i-. '/.••••n a laln of 10 per cent for mlorost. amorti- 
'/af:^ ' a'^J ^)ltu•r costs. so!ai and ^^loctficity 
5.V.'.;": avail. il.lo in mos: f)arts of the United 
i^iat-.s -at a. prtco comparable to th,:it of con- 
.'-.a o^'iorgy. 

T--- :f!f' i • us'nq snlai Pru^'gy as a dislnbutod 
••■ IS t ; "^^o.'M'v -;'' A fT^ndt'^l sncipestod 
. :.'rsi>-i-vf t^'''^ fi's: to bo oMorod by the 
; / . tv » It rissumos a niimbcr of 

so' r- coil arrays or^. commercial bu:idirjgs and 
'I.;. ^■ : ^.no ■^vv'-Mtor at a raipstation as shown 
^ ■; ;'0 :"• "Vv-hon tht!? si.n shint?s this station, adns 
\^ \ ? \^^v c\\':\ It acts I'ko a ciyc'or' plant and 
^ ^- fa^^s 

S:it "-s^ S .la* :: "3::v':^:f>! iS ^^\1?:t■^^ rov;. bat t^i 
/; •r.i'Uc^'i ■rT^p.ic* ^ f)^!iSt nvri've from tho 
s: f"/L:Pv I') S0"O':js. I i'no-?.ca'o confmcf- 

; ;■ ; .-n C' » /.ay to ach'-^^f Ih-s gaai -s \r- 

^ ^ s^^' «. C:':q :'\^;.S!'y — ''kC thP 
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Bell System foi the tolephono. Power uli^ities are 
one possibility-»afHl peak shaving is an obviour> 
incentive. 

Tlua powoi denianci gn these iitilitios durincj 
•light hours is low but during day houis has an 
uncomfofSiS4$X[)eak. Figure 6 illustrates the 
marked relief tfl^ only a-fraction of single-family 
houses covered with solar celts like Solar One ■ 
could orovide for the State of Delaware, i 

Peak shaving is achieved by usinc^ solar aux- 
iliary power and load leveling as n result of 
nighttime air -Conditioning. Curve 1 on the figure- 
represents load distribution during an average 
summer day in Delaware Curve 2 shows solar 
e.'ergy harvested on 50.000 house roofs of 100 
square meters with 6 per cent over-all conversion 
efficiency. Curve 3 is the difference betvv'oen 1 
and 2. Curve 4 represents modified solar energy 
supplies using minor electric energy storage 
techniques Curve 5 .is the difference between 
1 and 4. Curve 6. then, is the resultant load 
distribution from nighttime air conditioning. With 
little additional stoiaqp the power utility hence 

sheci load at exactly pr-ak times by dlscon- 
(:. ct;nq qioups of solai powered fiouses from the 
qr.d sequentially. In addition, by using all their 
air conditioners at night times, as done '\n^ Solar 
One. .'Imost perfect load leveling can be achieved 
— a rnajOf advantage for pov/or utilities. 

Are those advantages sufficient coamiercial 
;nr.^'MtVp'?^ r3»'ver.il pov.e: utihtios have committed 
Vw f.'i.st funds Sh^^ll Oil Company has provided 
us 'Ai!h $3 fpill-on to hnoif^ irvtial comnierciali?a- 
t'oo Other groups r\ ih»» '■ .i]P»ry liave started to 
cov^de the first funds'^'?' tiv-ir projects, and a 
r'[;'.ara"n solar energy conversion is 
u-'irjf^' v/ n' -/.i'h I'J.^.F RANN sponsorsh.ip. 

But =t IS O'j^ bi'^Ui ' {h it a roMCPfted resp<irch 
'■ ■^'^'t V. 'I 1)0 n''"\-}od !o b'lnc] solar energy con- 
v -'Sion !n \nn staoe qrripral acceptance. Better 
cfMivpf S-"'" a'-.d ^^itMao" systrvus n^ust hp devoi- 
>;:»M //d hjiVP t') ^, ly lh a! \\\*' cn^\\ oi such 
"^c;,.j:(f. offoM IS C' j^r.'nf-.surale v..lh tap cnst of 
!hp '':- vt'!.->o:^5r-'^.? of (^\no( row markets in high 
I'M •k;qy fipid'; t^: s c a'" j'St-'^iatod at about 
'0 { -.iT r . 'iv p* thp pxp-^.-::f'(i fVdf ket Vi -lunu' 

F' rn ; = >.a{i>-:'' dpi!.;: "i.irk^^l d c.ippcj* i.)e 
. j :h pi-j'jst'v b/ tS' M c .i'^ p^fn*^ tbls 

■ .1?: h t'V; iiin*^''.^ Sf hf dale ti'.at v.^^wld 
:f.> iv^-d -"^ fr.P-'-t.r.o *hp picScM^.t r\i!i0'wtf iv-pd 
!■. .^*h ' .r'/'s (\ a' t-p'' ^f^qiii! r^. ! Th-' 

J •< * [; ' ■' 'P* '■ a - :V»'? ■ ••■n. I"! . iPli - 1" il 7.S:h'P- 

.f \ :n.;P" ' •■•-.f- ' \ ^> :: p.- '^v.^'lfy 

'M;»*. .■ Ml'.' P ■ .■. \. 1' -. • f rn\ f'r 'M<-ly 
: ■ .V : . • I ..■ . :r | -mp n !; jfa syv 




M.;jn"7'-r r3 AM Noon 6 PM Midni<jht 



terns can be developed to reduce the conventional 
energy coi.sumption of ^^ouses so equipped by 
20 to 30 per ctint These systems may be pro- 
duced economically and attractively They may 
be expanded later to the more complete system 
descf'oed previously. 

This potential of relatively fast relief of a 
substantial fraction of our energy demand in the 
space heating sector justifies the request for 
immediate major governmental funding. The long- 



range system including air conditioning and elec- " 
trification offers proper means for final commer- 
cialization. 

With sufficient support it seems to be the 
consensus of all in the field that large-scale 
terrestrial use of solar energy does not need 
wait for 1989. As we made the 1960s the decade 
of the moon, we can make the 1970s the decade 
of the sun. 
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SOLAR HEATING AND COOLING OF BUILDINGS- 
PROBLEMS OF COMMERCIALIZATION 

Lee L. Farnham 

General Manager. Space Systems 
General Electric Company 
Valley Forge, Pennsylvania 

John K. Stewart 

Vice President. 
Community Technology Corporation 
TRW Systems 
Redondo Beach, California 

Nicholas V. Petrou 

Vice President and General Manager \ 
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MR. FARNHAM: 

Ono of the important . initiatives for increas- 
ing our S'Jpply of enorgy is tne NSF-RANN pro- 
qiani far fostering the wide-scale iisago of solar 
('energy for heating and cooling buildings. This 
inioof^a'K-o 1"=^ iinde'Scorod by a N ational Scionco 
Fowt^:i ition cslittjato' that about otK^-third of tho 
-'lo-qy ccinsu^T^ocJ tociay in tho United States is 
fiV hi'altnq ai^d coolinq purposes. Furlher- 
'P the need •.'^f additionfil eneray supir>liC5. 
s..nar Of othf.nv.tsn must bo accomplished without 

IV i.'.ibi'^ imn.ict on oi^r physical and social 

It impoiMtivo. tn.O'Pforo. that a realistic 
.s^.--s^/^^»'i-l of thf? UuP potential of solar eno'qy 
^.-t' -r ](.\^^ and. a^^sununr] -i p'JS'liv*-^ fnulifiq. tho 
;m ,.;:»-f s*.PO^ t^f^ la^p'^ \ i fO lii^'P tlial prtenlial 

A'^. ■;'-r. thn ^.'^^^id s lo iCJifiq companies sup- 
:m/ ; t (; i''d s^^'v cos fc^' eoeroy 

■\ r i-^*' .i ' i ".'n. G»"WMal Flnclnc s=JpPortf; 

♦I, .-^r.f^ijo^, jqr-^ U)r^ rjSF 'f^ANN {VonMni to 

Program Objectives and Structure 

Tf*.. !\J';r RAMN i),.-r.'M>^. ^ ol i'""^"!.) *o wS'' 

i{ . I - r c 'Oa* ''- " py 0 :VtM 'y^ipf^t. :i:hver- 

. .. i if-^'^<^J'v "V''' -^'f' M^'T'Mdo^. ?;nw' 



Phase 0 is already under way with contracts 
to General Electric. Westinghouse and TRW. each 
supported by universities that have been en- 
gaged in RANN-sponsored research in this field. 
i3E is'workinq in association with the University 
nf Pennsylvania. This phase will define the tech- 
nical economic, societal and environmental bar- 
riers standing In the way of commorcial accept- 
ance of widespread application of solar energy 
for the heating- and cooling of buildings The 
intention is to develop strategies for overcoming 
thpsp obstacles as well as designing action 
pioq:anis. 

In the current phase, proof-on-concept ex^ 
ppnmerMs and siipportina projects will be recom- 
mended and plr^ns madp for their execution. 
In l)olh Phases 1 and 2. oxpennu'nts will be de- 
S'qnnd built and placed in operation. 

AitPf that it is the rtnnounced intention of 
NK-^F RANN tn {wrn the government sponsorship 
\\}<-> proqN-ini ovnr to such mission-oriented 
.irifv^uios as Department of H(.Mising and Urban 
Dnvrloprnent. DePaMmont of Defense. Atomic 
[■npf-qy Commission National Aeronautics and 
Spacn Administration, etc. Ultimately, the private 
<^r(Ac)t \\'.\\ provK-jf^ th(^ ofjuipment, distribution, 
•nsta'l.iJion. nnrj s^m vicinq associated with the 
\,\C; \'\ ':nfM.rnfMr.;.il apf)li(^■lt^on to buildinqs here 
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Figure 1— PROGRAM STRUCTURE 
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Barrier Problems 

Now let us take a look at the type of barriers 
which wp face They generally are similar to 
those oncountprod in thp introduction of. all major 
new approaches in the building industry. They 
fall into the categories of economic attfactivo- 
ness: convenient, reliable performance: societal. 
env'ronm(Mital and aesthetic desirability and legal 
safeguard. In one "-A'ay or another, they all relate 
to fulfiihng ♦hp needs and desires o* consumers. 

Proof-of-Concept Experiments 

Proof-of-concept experiments aie defi^-oci in 
P^vise 0 anrj cairied o;jt :n tho subsr^quent two 
pfoqf-u^i ph.ispf* Thpy will domonst'atP tecfviical 
o»!r'of nvu^c^^ rapi:a' I'ul c^oomtinq costs poten^ 
t-ai ^^^oact on enet'ny cor'sumption. pubhc 'ly:- 
-".'••^p* jnr.e :\r6 pngmeefinq dnv'''lor.)men t require- 
menjc Tpf-'y \\\\\ qivp govprnmpfit. incjust.rin! and 
ro.T?-M-»rr-.i i{ |p.u'!'^f"s *he nt^^d^^d ov.denro prac- 
t;-""!!; V .v'i\ o'ovi io the q^'neml pMt.'>''^ \?.'i!h a v.o/-' 
a{ hov/ s'.)!a{ Of-^:''qy c,n'^ b^^ in-rfwsingly »mpoi- 
• jpt ... tMPir I'VPS 



Dissemtnation and Utilization Plans 

General Electric has been a major contribu- 
tor to the development of new industries that have 
had major impacts on our national and interna- 
tional economics. We can say from experience 
that successful implementation of solar heating 
and cooling requires that we create a favorable 
awareness among all relevant segments of our 
society. Benefits such as economic savincjs must 
be communicated rt all levels, ranging from the 
personal to the national. Techniques must be 
Identified to minimize potential technical Or eco- 
nomic risks Government and industrial policy 
alternatives must be identified and evaluated, 

it IS essential that wo provide the business 
climate needed to encourage manufacturers, 
architects and builders to provide and use the 
necessary equipment. This must be done simul- 
taneously with or ahead of the development of 
pquipment. And. most important, the public must 
* convinced to invest its OKjney in the purchase 
i^pw products. All thPSP actions aio impd<^(f to 
issurn that tfie v. tdespread • application of solar 
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henting and cooling will bo rapid and sustained., 
once practicality is demonstrated. 

All of us are ready to respond to thje Presi- 
dent's challenge' to successfully attain, by the 
end of this decade, the goal of ^'Project Inde- 
pendence'* and make the United . States totally 
independent in its supply of adequate energy. In 
the "spirit of Apollo." we can apply the lessons 
we learned in reaching the moon to harnessing 
the sun for the benefit of man. 



MR, STEWART: 

For those not familiar with IRW. we are a 
diversified company of about 85,000 people doing 
some $2 billion in annual sales in a wide range 
of products and services sold domestically and 
overseas to commercial and governmental cus- 
tomers. Part of the TRW family of organizations is 
its subsidiary, Community Technology Corpora- 
tion, which is building and developing high- 
quality housing for lov/ and moderate income 
fam-lies at a rate of $10-12 million annually. 
Residences are .constructed using factory manu- 
factured fully-finished modules or panels. 

Over the last thre^, years, we have partici- 
pated in a program sponsored by the Department 
of Housmg and Urban Development, intended to 
introduce new building materials and manufac- 
turing pfocesses to the construction industry. 
We have designed developed and tested, and aro 
now constructing some 500 townhouse and ttpart- 
ment units with a new building project called 
*:ber-sheP. This is made up o^ resin-imoregnatfid 
Honnycomb. aiass-reinforced polyester resin 
fnc nqs and aporopriate intenor and exterior 
su'-facps doponciing upou market rnqu'rements 
A Cftticnl intormodiate step in this process was a 
jo-nt TRW-HUD program under which prototype 
dv.pilmas wco constructed using f.ber-shell as 
a modulo for townhousns or singln-family de- 
tac^^fd homos Ur;its v/om also bjilt by on-site 
■issombly o^ our nano^R along with c^^^- hactory- 
\Vj'^' eipmpnts suc^ as proplumbod wot waHs to 
porrnit ♦hn b'riop'' to framo-in rapidly to a givon 
^lorsr olan anrl nlovation In the orcsont N5F- 
PA\N o-'O'OCt. v.o r\rn siipp'"^Mr?n by Arizona State 

( Jrr;PrS:ty 

This r)^o^)tyc<^ program v;as oriented to thn 
m:\r'^r.\ :n v,'h:ch !ho now tnchno'oqy v.ould hove 
♦n comopte. In my ronvorsation? with NSF and 
f\\hnr porsonnol rooajdinn proof -of-conc^pt ac- 
* \ rr. solar s^S'f?'"^-^. ■ havo fjotirr^ri a strono 
r-rjis on oau^^inn indjsUv to " qnt to the markot ' 
\"i r.' \- nw t^is 'S o''r^dom:nant'v fPsidotMial con- 
'-■,t'.,r-.?.o.*^. ! f^f-f this P'ir.oiir aO'^G If' a oroo^-^'- 



concept experiment, i^s not enough only to 
answer the all-important question: is it technically 
feasible? "Experimentation must also be de- 
signed to cleal with some of the issues that will 
arise in 'the subsequent commercial implementa- 
tion of a water heating and space heating and 
co^Hng solar system. For example: 

• Foremost, what are the economics? 

—What will the system cost? 

— What is the relationship between in- 
creased down payment or first cost and 
financing'?^ 

—What is the probable increase in debt 
service? 

-r-W|;iat depreciation schedule will apply? 

— To what degree'^will there be lowered 
heating/cooling expense because of re- 
duced fossil fuel consumption? 

• From the builder/developer^s vantage 
point. 

—Do his heating, ventilating, air condi- 
tioning and framing subcontractors un- \ 
dersland the systemic What makes it 
work? How do they assemble it on- 
site? 

— What design considerations does he and 
his^ architect have to take into account 
for the structure itself, the site layout, 
aesthetics and marketability? 

— Warranties-- '^o is responsible for 
what? - 

— Does it meet code? 

• The consumer asks about — 

— Continuity of operation? 
—What it looks like? 
— Operating costs? 

— Insurance coverage for attractive nui- 
sances like a glass collector on the 
roof? 

— Maintenance f?xponsn? 

• The infrastructure of the $35 billion resi- 
dential construction industry needs to 
know — 

— What testing and. evaluation programs 
must bp successfully defined sarid car- 
ried out? 

— What results must be accepted by FHA 
for federally insured mortgaqG pro- 
grams apd in qoner^tl by the major code 
acioncios? 

— Hov; Ctin mo.-tqaqo/^s make loan com- 
rihtmonts whirh 'fU'.UuJp rapitai costs of 
the sysU^ni'^ 
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Our experience boerv that tii0 problem 
in introducing on invention, if yoii will, to Wre 
buildif^g industry is not the technology per so. 
Rather it is in understanding and successfully 
working with' its myriad ins>itutions. developing 
appropriate marketing and tJistribution strategies, 
and at)ove all being* competitive. This, in our 
judgn^/tt. is what we shoiild emphasize in our 
prpof-of-concept endeavors. ' ^ ^ 

In ciosihg. we are in hearty agreement with 
NSF s practical orientation and are guardedly 
optimistic about some general trends we ^)erceive 
in our business. 

In -development, pressure for . a new land 
ethic is growing-. There is a shift from .the con- 
cept of land as \\ commodity to one where tand 
is a ba^ic natural resource in which all citizens 
have ,a\'ested interest. 

When a planned unit development is,, ap- 
proved, an energy decision is made along with 
many others. Considering that water heating and 
soace hf?atmg and coohng now accouiit tor ap-^^ 
proximately 25 per cent of {he total energy con- 
st. med iP the United States, it appears a question- 
of time until criteria are established regarding 
the maximum amounts of fossil fuel wh'Ch can 
be consumed for this puipose. Thus, public policy 
probably will assist in croating a market for- solar 
energy systems particularly whore fossil fuel is 
scarc*^ and pxponsivo. 

!V1R.>ETR0U: 

Tno use ^■•'•'.^■:qy :)PO:nni.nq with manpower 
I'v.: ;:sep :.\0-" r'x;o*'-^"^n to nuclear DOwer. 
■ ' fT"Mrk'*'i ^> nrno'p^s Tuithp? t^ctv n-a^ 
ih.- 'v ^ui'v vo f:hanO'='^o cnn-i!tir)ns has O^tcn 

\jf j; o.' - !. r« f^■\ h - ■ ; t-C.'^ i Cl -j D ? a ! ■ 1 1 i y 

• r-.p.-vf ♦ "i !>-^^"-.*s 'nf'\' a's ") if'iK.act on pxistinc; 

M '''CCS on thp 



:'«••! • '; ^ •■■ 1* S .tS Ol'i IS thp R';^* W'^:! 
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timizo for minimunT.''Hoat loss. It -is one of the 
considerations but' seldon\Jhe dominant factor: 
witness the extensive use 'of large single pane 
glass panels^ 

A sQlar , building must be considered as a* 
systeri>^nvolying the intimate^ interaction of equip- 
meritf structure, orientation. location and 
a^€thetics. Although it is easief^to achieve an 
/optimum design starting with the clean sheet of 
new construction. j|>^hDuld be possible to retrofit 
solar systems into that-portien of existing build- 
ings whose characteristics are suitable for the 
purpose. Retrofitting would provide the impetus 

to help achieve early widespread use ^of solar . 
systems.. \ - 

^ - One of the most visible impacts of solar 
l^iuildings Is that they Vv^ill be different and look 
differorrt. Here is the challenge to not only the 
manufacturers but to architects, builders and 
developers. Solar buildings must be made attrac- 
tive if they are to^ be acceptable. Clearly, unless, 
that is done there will be great resistance by the 
consumer. And — to be suie — we are very sensi- 
tive to their views. 

The new generation oj solar buildings will 
impact on and have to be acceptable to equip- , 
ment and construction codes. 

Although we do not anticipate any serious 
problems, a comprehensive examination of build- 
ing codes will be conducted and any potential 
r.onf'icl with the solar components and systems 
Ail! be identified. Particular attention will be 
cjiven to fire and safety requirements. This exam- 
ination should yield recommendations useful to 
i'^'^ code authorities. 

L'kp codes, rpliah-lity of equipment perform- 
.vice unrior \h() luW raMC]f^ of opnratmq condition 
;!Pmanos dntailod consideratirni during the early 
'le^^mn f^hase. The ultimate pufocne of the NSF 
:)roqram lo.ufs to vo!ump production. A com- 
ronp'^ niaig.fi.'}! rf^li.ibility can [)p ;i nuisanco 
.I*' f.'a:'ipd nr(^fpss:')n-il biit h^T.nniPs a biq 
^■■■Mdachp, v.'hon nuilt^plipci largo quantit-'ns 
\Vf> n^ift^t st':V^ ^"^r siniplicity. 'nclurlino simplicity 
.■ f r. 'v^tfi^ .!s an (nh.'.Tpn! rro-m^; of achipvino 

Tn.i [V /'Oiior; n \^n*^n thpw groat 
. ^I'-'S M.is i-r c>n n^ k!p (hp f^.js* ?ivp ynarsi but a 
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v. 'i! \\>^ri\ thp fuil 
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collectors to embrace the sun s rays, mny; bo a 
'dark shadow to ^his neicjhbOf^. depriving t?iim of 
not only light but the source of hjs heal Tho 
concept and practice of 3rD zoning is not new 
but vyill take on added impqrtance for solar com- 
munities. Not only relative heights of neighboring 
buildings, but orientation of each building is im- 
portafTt in community design. If the solar collec- 
Mors are integrated into the root, the- optimum 
solar building would face south and its roof 
would be inclined at, an angle to maximize its 
sun s capture capability. Since the sun is higher 
in the sky in the summer than in the v/inter. a 
'compromise angle of inclination would be based 
on the calculated savings achieved by heating 
and cooling, depending on the region of the 
country. These are simple examples of solar- 
associated problems that would stimulate the 
creativity of urb.?n planners, and architects and 
challenge the skills and adaptability of builders. 

Initially at least, a solar building will cost 
more. This impact wfll be felt not only by the 
consumer but by builders and financial institu- 
tions. For a typical single family residence, it is 
estimated that the incremental costs may be a 
few thousand dollars. But the initial capital cost 
• can be amortized* by annual savings in the fuel, 
as I shall shortly indicate. 

How lO provide the capital for it is a chal- 
lenge inviting innovative thinking by the govern- 
ment as well as the financial institutions- Recog- 
nizing that it is in the national inte est to decrease 
dependence on fossil fuels — particularly imports 
of o>i_the federal government may consider in- 
centives to encourage the buildmy of solar 
homes. 

The use of solar onorgy wtll decrease the 
oomand fof oil in the wmtor and shave the high 
DOaH powe. demand created by conventional air- 
ccndit.o'^'ng systems responding to the hot sum- 
inpr sun thus easing the possible pam of" blacK- 
•outs or' oroAnoutS. 

It IS thus app.ve'M thai solar binlding systems 
.*.■''! ^Uive extensive impact on/ the consumer. 
oui!ao^ arch'tocts. urban planr^c^r. financial insti- 
tutions publ'C utiMins and thp/fod^ral and state 
;K'<'! l^ral govorn'nonts 

'\\M>ri} ;\:() in^poriant u.(Mief:ts that would* 
;us^'?y m^.'Otir^q thf^se impact?;^ 

I have alrrady md'catod tho benof-ts to the 
.-■V.'Mf* \hri)\-{]h a doc^e.^sod dep^.^ndf^ncr on fossil 
fu^''s It has been e'st;matod that such systems 
cm sav^.^ tho oquivalont of S-80 r^i.llion v-.or*!^ of 
oas .-hk! o ( l)y 108^^ and S3 S h5|i:on by tho yoaf 
2000 
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The consumer too will benefit. How much 
,depends on the future cost of^ coal, gas, oil or 
electricity. dV. Lof, in an earlier paper (and who 
is associated with us on this contract- with MSF), 
has carried out eXt|fisivo calculations concp^'ning 
the cost of heatirig and cooling of buildings by 
solar energy compared to oil or gas ^and elec- 
tricity. These Cdiculations were made for eight 
cities ranging from Albuquerque to Seattle. 

lO calculations indicate that for each mil- 
lion Liritish thermal units (BTU) o\ energy, it 
would cost Bostonikns $2.04 if gas were em- 
ployed. $5.25 for electricity and $3.07 for solar 
energy. To say it another way, in Boston, solar 
' systems (if they were available) would cost less 
than electricity today and it would take only 
50 per cent increase ir^the cost of ^as for it to 
equal the costs of solar s'ystems. Looking ahead 
but a few ^^rs. such increases are not unlikely. 
W.hich brings us to the Crucial point .that solar 
ent^fgy will alvtays b? av^ailable as long as man 
survives: no one or no nation can turn off a solar 
valve. < , ' 

Solar*energy is as clean as itjs abundarit.^ 
Fur each pound of coal or^-gallon of oil or cubic' 
toot of gas not burned, the atmosphere is spared 
the polluting gaseS they produce and discharge. 
There would be less he^at polRition of rivers. 
Equally import^jnt \s the conservation of our nat-- 
ural resources. . i 

Sunshine on the roof is more quiet than 
combustion in a furnace. Nevertheless, the'^ total 
noise 'of the other components such as fans, 
. pumps and compressors should bo lowered. 

•-■The natiori. the consumer and the environ- 
ment will benefit as will industry. In turn, indus- 
try has much to contribute. 

In addition to considerable experience with 
the more conventional heating and cooling com- 
Donents md systems, industry offers tha produc- 
tion ca[ )ilit}cs Gssential to movo solar systems 
fiom individual expert merMal units into wide- 
spread national use * 

VVostinghouse manufactures and markets 
conventional heating and cooling systems includ- 
inq heat pumps, and prodUch.s housing as well. 
ThfcMiqh our Coral Springs pfOpertios in Florida, 
■.o a'-e de- '"'^op.ng large sca'o communities. * 

D«^Sigp:''q of a solar building as a system 
(optimized for rnofpy conservation is important. 
Wo have alioady tnkon a stop \n. that direction 
t^y r^'^s'n^^'f^d tho Eleotra ill homo there. 

EIpcIni 111 .s oxprvdorj to w^r 30 per cont 
{.^ss »?lPCtMCity than ,th.it rfK]uii fvj by similar 



sfeed'al.l-olectric homos in Florida without sacri^ 
dicing comfort or convenience. The conservation 
Ks achieved through total architectural do<iic}n and 
jiting of the structure to take maximum advantage . 
of sunlight, shadows, and natural breezes, im- 
proved insulation, extensive use of fluorescent 
and mercury vapor lamps and use of waste heat 
artd solar energy to heat tap and pool water. We 
expect this home to be opened early in 1974.- 

■ We are most pleased to be' part of NSF's 
co?nprehensive effort to stimulate and accelerate 
■ the creation of a national capability for solar 



energy utiUzatior'i. We refcognize that" the purpose 
of NSF's program is to achieve widespread uie of 
solar buildings within this decado. AlthougVj it 
starts with research' and analysis, the progfam 
must j3roceed rapidly to system design and con- 
struclion. The NSF. program for Phase'O through 
Phase 2 is well conceived and 'planned with a 
proper balance between • urgency . and reality. 
The conception and planning have recognized 
that the solar systems produced must not orily 
perform as indicated but do so economically and 
reliably. 
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Threats to the Man-Made Environment 

INTRODUCTION TO ENVIRONMENT PROGRAMS 



Joel Snow 

Deputy Assistant Director for Science and 
Technology, Reaearch Applications 
^ . National Science Foundation 
Washington, D. C. ■ 




iVlan ^has long struggled to combat the forces 
of naUire and to live jn harmony with them. 
Throughout human history we have had to live 
with the threat of potential catastrophe. Com- 
pared with the immense ancontrolled fury of hur- 
ricanes, earthquakes, floods, volcanic eruptions, 
fire and drougt.U. the forces that man controls 
are puny and 'our social systems are fragile, 
^^r.oteotion of the' structures (^f^ man and of man 
himsolf from the destructive power of the hazards 
6i nature involves not onlyjhe cost of the facili- 
ties and loss of human life but also conservation 
o^ our national efforts, resources and energy, A 
ma)or . -hurricane, after all. has the energy of 
..i{ij3ut 220 days* coduction of a large nuclear 
oower plant. A major earthquake, such .as>^ that ■ 
which occurred in Alaska in 1954 releases energy 
comparable to 63 yc.irs' output of such a power 
olant. A major flood can take thousands of lives 
:and crujsn bMlions of dollars in prooerty damaqf?. 
to sny nothif^q of thn immonsur^ble cost and 
d'S':Jpt'On of transportation, communications. 
r'O .nf^ normal course of hu'f.an activity. Tho*^n 
0"wji<.!>is stnkp people around tho qlobo 

A ^■"■w AO^"^ks.,aao ^ho hp.'Kilmns told of n 
•n.is^.w^ .v'ir*hqinkn m .M»^xioo t.ikmq hijndroris 
^vr,. ni.rnrno*^ flr^'^rls ^n f^ii<!S*r'j?' 

Cf'- 's^v'i -..-^ M'?ss.'}rhiir«'^**^. .aoo'^cy or art 
'^■■)',''| bo f'X o^^'^lf'd h.ilt ()\ m iMy qC'''- 

c,\'^ : 'S '"■/ *') i .v*v/^ t'^ fri^'''.'nti/rv nost -n 

! -.'I \:{-* \:n M'SasS*'; s*"i*'<'''S 'i^'^i fo 



with disasters: 

1. Assessment of existing knowledge 
and practice, how that knowledge is 
used, how present policies work, 
what insights can be gained from 
past experience, what knowledge 
can be provided and the likely con- 
sequences of policy alternatives for 
disaster relief, 

2. Development of new socio-economic 
and policy alternatives — the analysis 
of the means society has at hand 
for reducing the human and eco- 
nomic costs of disaster?, including 
research on policy implements such 
as regulation, insurance and pia^n- 
ning to lesson^'the impact of these" 
catastrophes and to allocate the 
costs equitably. 

3 The development of new techno- 
logical approaches to disaster friiti- 
qalion including the" prediction of 
impending disastejs, measures of 
. protection of life and property, do- 

siqn of structures to rnsist disasters 
and possibin t(^f:hnoioq)r?s for dis- 
aster prevention. 

A Thp dovPlopmnnt o^ a broader funda- 
i7ipntal uncjorsta'ultnq. how and wfiy 
d'sastors occur, the almosphoiic 
f}liysics hoti'nd hurrTanos. thP hy- 
drolooy of fioo«'is tho Cjonfjhysics r)f 
p:irtnqijiik»^s, oyn.ipucs r)f fi'O. 



Essential Tasks 
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RANN Approach 
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cjrams. we support .research diiected tovvard 
each one of them The basic-fosoarch com- 

pOHtW^a Oi t\5F-' SLippOltfi studios ir^ tllO Ut/UOS- 

phor'C and cafth scieiices that a'o aihnni at 
developing a bioadcr understanding o1 U)o 
processes and rnecfu\nisnis of nature and tholr 
implications foi disasiU.MS. The RA,NN program 
mcUidns rp^^pa.rli Of^ new technological ap- 
proacfies foi" disaster nutigation. paitfCularly 



dealing with earlhguakos and fire, which \viH bo 
discussed by Drs. Hudson and- Einhorn;/ It in- 
cludes research on socio-economic tU>d policy 
ciltornatives supported under the aus|:>|:ce of our 
Social Systems an(i Human Resouri^s program. 
A detailed assessment of existing kjimwiedge and 
practice in dealing wi;h natural h>)2ards is under 
way at the University of Co!0f/;do and wiU be 
discussed by Professor White./' 



DISASTER MITIGATION-EARTHQUAKE ENGINEERING 



Donald E. Hudson 

Professor. Eeuthquake [Engineering 
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Pasadena, California 



The objcctivo of earthquake engineeiing is 
to prevent (?arth(iiiakos from becoming disasters. 
Natjre pr.)ducrs eaithquakes. but man turns them 
mto (!«sastors. 

If oarthquakos could bo prevo»'.tod. the whole 
O'-obiom sv,uu'!d t^e eliminated at one stroke. 
Tfie t.-a^thquake engineer assumes, however, that 
Ovirthquakes v.ill continue to occur during the 
lifetime of his structures vvitfi about the sanje 
patterns of time and place as for the past fev\ 
thousand years. He is av>afe of research aimed 
at control of crustal strain relief and of specuia- 
t:o"3 as to the eventual control of earthquakes, 
but at present cnnnot lustity abandoning his ef- 
forts to makp structiires safe against earthquakes. 



Eve 



f- J.* 



Pfom ?his point of v-ew. the practical imolica- 
■s :.-f ei'thqii.jKP forecastjng come into focu-s. 
''\ .'.i! t^H]H ikp''rouM be rinou'atoiy prt^- 
<1 !o r-l-i N"^. a'Vi m.'iqr^itu:!e. we Still 

1 o*K'\ff^"''\ ■.i'f^ ^s-'"-'' Fez. of tho earthquake 
s rrr.\y(^'r,^ /.oiJc! change v.ith such" 
.v.* -:,| v.oiji'! [lav^' nev. i^^ptions to as- 

:v.» ■"-.'■} al^«') h.':vf^ n^v.- unnf^rtamtios 

.1.. :'h I. f 5!' .■■x.}m[:lp h»^ [ja" i''Cf'.:l th;- 
■ \ i:. .■' ia I'f'-;! 'l>r d/intvs '.)' 

' - eaj t^\)a ik.^- J ' fi ^^lant siruchifos. 



I't^'-a'. 
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Hazards to Property and Humanity 

Thu f)oiential for economic loss can be 
iijiintvi frufTi tvvo recent events. The 1964 Alaska 
'Mflhc]i;akt? ifivolved a loss of about one-half 
:rl!ion (■jf):iais. afid the 1971 Ran Fernando'. Cali- 
fornia, earthquake cost over one-half billion 
do'lars In each event favoiablo factors reduced 
ihp overall loss The Alaska earthquake v;as 
\"\'C:o Ivi! r.rrurr^Kl in a reqion of low popiilation 
'i'"'^sa>. Thp CalitoMii.i earthr^uako occu'red nriw 
.] f'^qicfn a^ U'.qh populatt^jn do'^sily. but w.^s small 
ci^^ i oc:carred at a favorable Iifno If an earth- 
a'.'a^^t- a.nof o.'if:[i!nq the <\7i' of the Alaska narth- 
a.Jia'-'- fH.ciivro ] in Calile.»n'a. ofTonomiC losses 
• ! I'l'^ 'filn rn.my h'lllinM^; df)lia:<; 

Th(' r*at!](P of thpsa f'C:of^:*Jal;c lessC'S and 
na/ r \n !:fo ar-il laiM; r:a'i t)p illustrated by 
1071 Suutluan C ^lifo'nia mrthoaake A first 
■ ■y;"';!'^ !M Fiquir- P. !fi'- ^'a"^^''.* -a/ailar Uv.Uirc 
' r'- n!ii f'>I->- j din; f- oi hin.a, .{y ihr^ -v.-itef ifl 
M '- ' v-^; .vas ;it j I'-aniri d li'vel at Mm timp 

■ * »f:r inh']w.!ki' s-^ !n il w.ilf'i v.as a^lamr-l 

■ ry.j.o'io [i.^on*-^ I v-'^n .•r'.'.'^-am.if^i uf thr* 
.■ : .• -.'.■■N^ f'/jjiiiNd 'iviMj dia'^'iy a.f'fM tl'.^ 

M!r, j-. Mv-- If..' : i!-,:.' ■ \U s a a^^l-f-plM^ 

. . \ ' tr 

«';«;'■ ■• i ' ' .-. f/ I fs th d 

; ; . . ■ ■ I ■ ■ ■. . ■ '« ■ a - . ■ . , ' a .■ ■ ♦ t'th* }t J. ,1 . ■ 
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Fiyure 4 




Figure 3 




IS ' M-r'^UOly !-arf. Thn .o oto^'^ti.il cffncts 
I ^ t'^.'- .1 (■•''/.■ I/. o-r.t.-iry [T(>c;i)it.!i stnir- 

T^w; M,./. 7;^f^ nv!!'." r.i'i.ii'^n v.ns 'Otal K-js?; 

. . ; ' T-s::."'"! i'i t--'"^p fail'jp"'?; now 
.... 1, •:»:*•.■•! .1'- ! ■ )" ^•■v'^»'''^s h-iv" l)rf»n. 
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revised coclos liavo anficipalpci all possible 
sources of trouble, or that they have achieved 
-in onunium balance between safety and economy. 

! hn effects of the earthquake on electrical 
installations at a k(?y intor-tio station, such as 
that m Figure 6. foim anolher impressive example. 
It 15 easy to imr-igine how such massive interrup- 
tion,s electric power couki disrupt modern 
u'ban society. 

Figures 7 shows a classKjorn in an old school 
bii'lci.r^g some twenty miles from the epicenter 
(A this relatively small earthquake There a 
collapsoci btick wall catnc through the ceiliny. 
hurymq (l(?sks and c haiis Several hundred mod- 
(Mfi sc:fu)o!s noaior tho o[)icpntPr had" no damage. 
The information and procedur(.\s f^eeded to pro- 
(iiJc:o safe schools are cicaily available, yet society 
still pprmits tho use of old school structures which 
.tip known, to be oartnguake hazards. This points 
11(1 I'tH* s^Mious social and (economic problems we 
o iri th(* plimfnalion nf hazaicious old structures. 

Trip l(^<;'U^.f^r^ Iv* Ipampd from the aljovo 
■ x !:ia)if?s arp c\f\v. L'.iilhijiiakps Ihf^ si/p o^ the 
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S:vi t pfn«in'jo onithquakn are oxppctod in South- 
orn C.ilifornia aoout ovory fivo years. Some of 
tho^". ■'^lay be located m relatively unpopulated 
roQ ' s But. some will be close enough to 
crvT-'vjniiips to pose rnajor threats to human 

Application of Earthquake Engineering 

Most of the recent acivances in the practical 
ip;:Vr-itio'"S nl earthquake ongmoerinq reduce 
n..!7.j'^ls the above tyP'OS are based on funcia^ 
motr i\ research sponsoiPd by the National Sci- 
er.cp FoundatioM. The way in which these re- 
s<'<KCh efforts liave been orqani/pd is indicatpci 
b) ihp follM/,,nq fjqurps v. h*ch shov; !he major 
t:{(-'norits 0- !hp proq*ani. 

TicjufP 8 sh'^vvs th(^ bio?'l d:vi^^infiq of !hp 
«; /-t sM.j i^s;c^~'*'^^-v^^ ffOiifp?; \^^^ detail? 




) 



The subject of strong-motion seismol- 
ogy described in Figure 9 supplies the 
basic information on destructive earth- 
(juake grourui motion necessary to de- 
termine structural behavior. 

Given the input ground motion, the 
behavior of engineering structures cov- 
ered in Figure 10 can then be determined 
by means of structural dynamics, which, 
in turn points the wa;' towards proper 
design to resist earthquake forces. 

The whole design process covered in 
Figure 11. however, must be constantly 
involved with the practical problems of 
economic construction, shown in Figure 
12. 

Finally, until we succeed in eliminating 
old hazardous structures builV without 
regard to earthquake risk, the iproblerns 
of disaster mitigation will remain, as 
outlined in Figure 13. ) 

The accurate moasuromcnx^ c(f destructive 
earthquake ground motion is (V| special im- 
portance and has been cultivat^' almost ex- 
clusively by engineers. The network of .strong- 
motion accelerographs developed and installed 
in the Los Angeles area with NSF backing pro- 
duced hundreds of important records during the 
San Fernando earthquake of February 9. 1971. 
mcluding the noteworthy accelerogram from 
Pacoirna Dam. which showed peak accelerations 
twice as large as had previously been recorded 
anywhere in the world. 

Concerning economic construction, the topic 
of codes and regulations is of prime importance. 
Here, again. NSF research has made direct con- 
tributions. It has been stated by the head of the 
Department of Building and Safety of the City of 
Los Angeles that it was the large number of 
measurements of actual earthquake motions in 
high-rise buildmgs obtained during the San 
Fernando earthquake that gave the city the con* 
fidence to advocate a new code based on dynamic " 
desiqn principles. 

Dissemination of Research Results 

The National Science Foundation has taken 
<\ numoer of practical steps to facilitate informa- 
tion tr<insfer. In 1965 the Universities Council 
or-: Earthquake Engineering Research was orga- 
nt/ed ur:dcr NSF sponsorship. It has arranged 
two comprphensive conferences aimed at coordi- * 
nri-inq research proc)r:uTi$ m the field and is now 
planninq the th'rd An " Farth(|iiake Enqineerinq 
f^f'Sf^-irch Digest" was issued m 1970 sunimarizmq 
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Ml;..; f|,^|;j M c"<vitf^\' •"''«] in I jnivorsitios By nioans 
I'.i.ijtt^ rt'ii'srs. {jorloinl proor.^nis. oxlon- 
^- ■■■,*^ '\}hf sp^ rifvl spoi:i;ili/ocl conforencos and 
;-.V'M:>.cii.i 'ho univor?5iti9S can oducato spocia!ists 
.\":\ ii;>c|c.!(i*^ jr.MCinq pnqinonr?5 Univorsities 
j;^.^ l'-vf^!'ip'.'«l v.ir.n-is ^iv ^niic^^ nf comniiirii- 
i?" v.ith thi' piii.'lic thus facilitating O'MTnral 
5' '■:■::)* Kv.r> rpqiiL'Uory pla'KM r^q. M'^vort^lPlOf^s. 

!' ^'^'1 s:";' ii) thi«^ fK.'hi aio in shoit 
'.,;);■ 'y. v. n M li'ivt.s thp f/p iP-s.-'MT prantical 



. f 111'., r-y ' < 'iry. iov( '■'Cj '^f^'.v kf 1' jv. !• ''Mop 
!• ■ ' M/} M » ' ' * f jrtnn>!i: st al<ps ' nvol vod 
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DISASTER MITIGATION - FIRE RESEARCH 



I. N. Einhprn 

Flammability Research Center 
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PtV capita deaths and ' property losses at- 
{'■■buteci to fire in the Umted States exceed those 
of al! ifKiilstrialized nations by a factor ranging 
from 2:1 io 6:1. Now synthetic materials for con- 
struction, draperies, rugs. coi^ifo''t cushioning 
t\nd cinthinq. canjribute significantly to . those 
iosses. inj-jnes. and deaths — even thotigh many 
thosf^ materials are sold as ' non-burning ' or 
soff-ex*'f^q'j:shirsg.' 

The 23 RAN'\ stud.es for rosea'cK rang-^ 
K--.:>ss a broad soectfu?^. They mcl'jde: 

Methods to inhibit the undesiraole 
c-'^a'actor'stics these malenais dunng 
processing and fabrication. 

iVore realistic testing of thfir ^^an^- 
mrjbil:ty rhjracteristics 

Ani!y7jf^o the ohys'Ological vinn toxi- 
::o'■^'^cai nffocj^s th^^ by-;)K;iuc:s n* 
ce'^*^0';^* 0^ or bvirmng. 

V/-iy? --n .vmch to 'iq^''* fims rT\-Mo -ff**';- 
• V''*y -.v^l •'^ t'o:it *'re v:ct n^? *ro.'e 
5;ic:cess-ij:iy ■ 

R'-::.'VM rev;r;.s 0^ f-^O statist cs' * :nr}i- 

• is'.c; r-'., - :wS"'n a r.^foon'tr 

■ • . , . " / Y 'v 0 I; ■ - 1 ■ : m! V ^ F?tr . 

-i^ •- t -^S* i'^ ir-'^'j i' :'J i vS '^xr'* I ■ ? 

. ... v.- . . -k-; ..^ .r- i.-!--!.' ^r^.-.' a^C '}C'; A*i^»**':* j"^ 
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a year. Tiius. the task of roducing this wasteful 
loss attributed to fire remains the major area of 
societal emphasis yet to receive ncUior^al attention. 

Historically, small, uncoordinated fire pro- 
grams, both research oriented and applied, have 
been sponsored by a number of agencies listed 
iri Table I. 

Table I 

Organization? Supporting Fire Research 

Bureau of Mines 

Department of Dnf(vi50 

Dep^irtmcnt of Health. 
Edu'C:ation and Welfare 

Department of Housing and 
Urban Development . 

D(^partment of Transp6rtation 

Federal Aviation Administration 

Toorl and Dr ug AdmiiiiS'TrMftt.n 

For(?st So?viCe 

Nat'or^al Aeronautics and 
Soace Administration 

N.it o^^'il B-.ireau Sta'^o.uds 
i\\t' ^ri.il l'''Uit«itf?s nf Hp Uth 

Th i'^ '^T-nqpncy Of Q anient lon. the Federal 
f^.'.^ Cr']''f:;i -vas iss^qr^od the function of co- 
.V ihi. fj: )v»'f fun'Vit.il prnarams in Iho firf> 

:■ ^-'Vi'^h. .it»'M Th.s Co'j'iCil has bfion v.x\W:,\/<>.i\ 
1:. '\>* r-ff. ::^»;vr'!y Px^-'Cf^ipg :ts mundat'^ Thus, 
.'■s: <y\-V- MV.f'fV'y. rr-**'? fiat:Or"ri! rPSe.ifCh pfto't 
■ : \" :. \'-\ solving tho f;?'^ )'oblooi has bnon 

. .*• '■;."^•! •.•■■:'f i'i'npntp(; C:''vsp fUiOusly iibSisnt 
' * : .-■'.i' f "^ ?^-■.■^:^^n C^^'tC.'f SilCh 

v\ \\- -^\^- i j'-ci ' St ibi^shnij .iOfi c" uH^pcp .Hi v«^ly v.ei' 
1':. ■ ■ ; rv,;t .iir.s <'/'st-na :'■ C.lP.i-i.? G'P.i! 
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within 'thf Nir^tional BiiiG/iu of Standards, have 
exerted leadership m the dovoJopment and sup- 
port of pruqf.Jn^s Uirnc.tod tov.iu-d s-'^gnio'-'t^^ of tMo 
fire ptoblom. Tho- cffoctiveness of many well- ^ 
concoivod prcq»ams has been dmifmshod by \ho 
lack of continuity of fundir^q. 

- . U\ 1970 the National Science Foundation, as 
part of ^A-.^\it is aov/ the RANN progj am." launched 
a larno-s;4:a(p x^/oll-roordin.Und firp ff>spa'Ch effort 
Tho has^c elj'^onts of tho fire orobloir aro suin- 
manzed «n f^i.qufo 1. This prv^graai £?ncompa^^$(?s 



•scar 



-^Tahln I! 

NSF-RANN Supported Areas of Fire Research 

Ros(-;i?ch SMp.oort to the Firc Sorv'ces 

Aso^^'cts Combii^t'On ^» 
A' - ■; ys:s a- Ftp- iMji,' V 



' The NSF role in fire research is dependorit 
nn and .complementary to tho activities and in- 
Jofosts of missi^.m ayCfioios. particularly thn . 
Naliofial Burt^iu Of Standards, tho Dopartmont of . 
Housing ;ir\i Urban Dovolopinent. tho General 
Sorvicos Adtnmirvtration and the Forest Service. 
The research emphasis of the prograrii is directed 
at the fire problems of,ci-ties. where the losses 
occur, although some funds are used to support 
rosoarch nat complements that of the Forest 
Sorv:co on forest fires. A third area of research 
stioooft directed toward fabric-related tiro* 
:n;uiios W/JiTh tho scope of this presontaiion. 
coverage will be lin^ted to the fire problems within 
out "built envlroni^nent " However, this in no way 
'(ietfacts from tho woil-conceived and necessary 
tMSF-supported fire programs in other areas of 
'iMorest 



Research Designed to Assist the ^ire Services 

Etiology of F/ao— Because oy persistent in- 
^at'on. tho nurJiber of fires poj t|fcHisand popula- 
!S a inotr tollable mpasum/:.! fuo f^ravontion 



.'Mn IS the figure for oollar loss/' Table IIJ presents 
I su-nni.iiy of the number .of/fires that occurroci 
i^'j." \0:vs from 1961 /through 1969. 



7 



I 



-1 

.^■Q'jrt-? 1 



f ■ ■ 



/ L 



\ ■ ^ 



\ 



r 1 
f u. 



■"1 \ 



r" 



L. , 





1 . 

L. _ 

















ERIC 



■ "^^able 111 
Annual Fire Statistics (Based on Population)* 

Fires Per 1.000 Estmuitod Yenrly 



* Year Population Fito Losses 

196K 12.0 S1.209.01?,000 

1963^*- .13.1 • 1.405.56&,009 

1965 12.1 ~ • 1,455.631,000 

1967 12 1 1.829.920.000 

1969 12 0 2.447.600.000 



T.ibit? IV presents a cpnipdnsor. between the 
peicontaqo Uislnbution of the chief fne causes 
;n -972 .is compared with 1959 

Table IV 
Trends in Fire Causes 



C:\uso 


1959 


197, 


hojt.rg M\1 Cooking , 


22.9=' 


16.0* 




^8.0 ■ 


12.0 




13.9 


160 








.irc ExploSiCns 


6.5 ■ 


70 


ODr-:^. Flaf^K-s Sp.irks 


6 0 


7.0 




3 3 


2 0 
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classifications of tires as a result 'of in-depth 
{Analysis of fires. Also, studies at tho University 
of Utah's FlammabiJity Research pentcr hnvo in- 
dicated that as many as v35 per cent additional 
fires occur but are never reported through official 
channels. Ttiese studios have utilized the state 
and local fire services, the hospital emergency 
facilities and medical personnel in the Salt Lake 
Valley communities. As a result of long periods 
of hospitalization and rehabilitation, many de- 
layed deaths resulting from fire injuj'ies are not 
attributed to f.-re by hospital personnel, 

Littio precis*^ information is available per-i 
taining to the. effect on fire origin of climatiq 
conditions, such as temperature, humidity, wind', 
etc. The actual sequence of. events and the 
nature of materials involved in fire origin and 
spread are often not reported by the fire services. 
The RANN studies, by the previously-mentioned 
centers are attempting to correlate this much- 
needed information. 

Evaluation of Spocial Hazards — Analysis of 
three (Tiajor fires that occurred during 1970 re-" 
fleets the special hazards**" introduced into th^-- 
■'built environment." These are a result^,,^en a 
caml3ination of testing and evaluation pi^Tcedures 
used to charactenze the tIammabjWy' character- 
istics of materials which do nof^elate to actual 
Uro conditions. T*ey ai^also -a resCilt of the 
i^npropc-- use of cerlaifi ci:\sses of matcrl^fls due 
'o .1 lav-.k of knowiedgo of the potential F:}azards, 

Ihp first firo considered had lesulted in the 
Jt-athr, of 22 f^lderly persons at the Harmar House 
nufsmq home in Marietta. Ohio. This fire ^ be- 
! pvod to hnve been started by the careless igni- 
iion of n^itonals in a polypropylono waste basket. 
I! sorr.ul tn a fo-im mattress, then to the nylon 
r irppt !o tfu^ CdffM^t s foam underlay Noxi- 
■r^\\s \:\:\c'K smoke hampered efforts to rescue those 
:)'\\i'-'i^'s s:i!' trapoed m the building. Those pati- 
ior)rA doofs had been opened by a 
!i ^iv'Jiti!'- rv.'\r. 1 1. 1 lifMi nvoicomp by 

'■•.'K.-sWt-^ 1 .^'i?,.-' v.hosf^ donis hiid pot \)nnn opened, 
'v .■.f'.! F"'gi;"^s 2 a no 3 iliusl'atr a S'rrnlar situa- 
•■ v.M ' "Liin-ed th«-^ I'vos six patients, during 
.i f.'- f ^^'.'j l.a.pr ir*. the ' l-H.ivt?n NufSinq Homn 

fv'-.t.'a-i''>' "f) t^i-it a foam 

•'.-..ri f K.- '^u. '^f^. .M r-.icni of omqim may 
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rnqh-ns^^ Slruc{iit>'? J. T. O Hngen. Chief of N-nv 
York City s Ftro Dopnrtmont. stated. ' It was the 
^ r'"/ »-rre th:U .) tire \n n f^ic^lvrtso fireproof stiuc- 

f>;. ,t of 40 000 squ.'iff' foot bo^■■)ro the 

r-.'-. I =' *np Frfo Dop.irtmf.'n! " By the ti'nn tl^r 
. -xr-'-q-.^ish^.-l tv.o n^nn v,pro dn.ui nn.-l 30 

•■' h.'^-^O' • 'Pfl L imnc^es to thf^ SO- 

: ■ ^ . r^xc led SK^ n\l|icn 

T;-- < ^'''-^ i.'-<!er O'vv donliO'^ :iq i:0 

. ■ ^ ■ •■• ■■■) '//ithiJ^ r^O r.-^ieutr^S of 

■ • .•■ ' ; • ••• Rf * S^"* 0 Vv'rs>"^ "JS A'J'.V iv"- 

. .^M.; ' ; ■ i ;s'"0 t:- 




tial ignition •^iTirt'jrcc. For example^ once ignited, 
some of^t?se synthetic materials propagate with 
consi^iornble speed and- heat intensity buildriip 
I'hoy roloaso highly rombustit)le degradation 
procii.cts. usually accompanied by heavy smoko 
production. 

Several NSF-RANN programs have plans de- 
signed to develop- ttie mec»ns of predicting and 
controlling this hazard. The next two figures 
schematically represent the corner test being de- 
veloped at the University of California at Berkeley 
and at the Factory Mutual Research Corporation, 
to evaluate the ignition and flash-over character- 
istics of building materials. Figure 4 shov.s the 
early flame spread gnd Figure 5 the flash over. 

The next two figures are sequential photo- 
graphs that illustrate "flash over" characteristics 
of rigid, fire-retarded polyurethano fpam speci- 




ERIC 



■t ^• 
1^1: -t 



. r 



mons F;quro 6 sfu)v\s a"i'Orno! tost A ininJtOS 
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imcierstancJing of these parametors so as to pcr- 
m ' prediction of fho behavior of materials in the 
presence of fire. As indicated in Table V. four 
ptojects are studyinci the mochanisfn of flame 
spread over solid surfaces and two over liquid 
surfaces. 

Table V . • 

Studies Pertaining to Mechanism of Flame Spread 

rirui^c SprOiKi over Sohd Surfaces 

Inslitution Research Area 

Bfovvn University F'ame Spread over 

Solid Surfaces 

'niversity o^ California. Fire Properties Along 
^ Svin Dicqo ^olid Surfaces 

.:!^iversitv of Manio -Fire Rate of Spread 

in Paper Arrays 

Jp.»vOJS':v of Utah Flame Spread at a 

^C^e^^'ca! Ei^ci-v^eer ipg j Solid-Fuel Oxidant 

Interface 

Fian^'L- Soreaci over Liquid Surfaces 
in^f'tufio"! Research Area 

■ ■(nr.[\ Urovefsity Flame Spread over 

Liquid Fuels 

-ton tjr^'vefS'ty Flame Sptoading 

Acioss Liauid 
Fuels 

^t-idy i;f ^'.i-n.^ .^^OMWd over l.'ciuio fuels 
. If.;; ci'-.-j • ) rj.'ir'!^^ '*!f- tho c c:^ tki i ' ' 0 M s tha* 

■ ■ ^M- sjv-'^.kj ovpr a !ir^u-.l surface mam- 

■ ■ ■ .r s.Jw-'ash tompcf auiro? Such inform-n- 

.■. :i I)'' ..s'"' 1 !o ■;:evo'on sn-e molhods of 

'» «. .. ,';(■■■,'' := li^'-.v lys a'»' .^v f.'' ^i>SP to th»^ 
* ■ ■■ '\\^' C] I .i'^lW'.'.:) "'-.ly C^\'i\ ir!;-^' ^?*l(^S 

■ 1. ^-i .V-d t'^C^: 

. , , ...... .!•. ^^-.^ ! 

-:■ : ,\: s '■ j-^- luf 

■ . . ^ • • : • "1.., • ; r-u • ' : ' 



Table V! 

Mechanism of Flame Inhibition and 



Institution 



Fire Retardation 

Research Areas 



The Johns Hopkins 
University (Applied 
Physics Laboratory) 

The University of Utah 
(Flammability 
Research Center) 

SUNY— Binghamton 



Chemical Inhibitions 
of Flames 

Effect of Fire 
Retardants on 
Smoke 

Extinction of Flames 
By Metal Powders 



The University of Utahs program has as one 
of its objectives the determination of the effect 
of chemical retardants on the overall toxicity 
profile of the combustion products. We asK: does- 
the addition of a fire-retardant chemical decrease 
the flammability but increase the toxicity of the 
combustion products? 

A series of model urethane cellular plastics 
were prepared in the laboratory, They are repre- 
sentative of systems used m commerce. Table Vlt 
summarizes the fire retardants used in this study 
and presents the results of chemical analysis of 
these compounds. Table VIII summarizes the 
foam formulations used in this study. 

Thermochemical studies were conducted 
usmq a Mettlcr Thermoanalyeer to determine the 
[principal parameters qover>iing thermal degrada- 
*ion and combustion pfocesses. Figure 9 iltus- 
t'atos ?he efffH^t ho.itmq. rate (in air) on sample 
•APight loss fof the polymeric system fire-retarded 
v.:th 8 per ce^n of the rigid urethane foam tris 2.3 
j:t^iomopinoyi phosphate. Figure 10 illustrates 
*hn pffpct of hn.iHnq rcito on the thermal charac- 
^'■'.'St>^s ipsult'nq pxothoiiriic degradation. 

I h[/''offocts of cMU'irofimental parameters on the 
*Xml;i;?;u>ii process nrp nlso heinq in\'i:stiqated. 

Th.- j){;)0('M«-.itv oi r.(Mtnin n^ntrnais to iqnite 
: /.I'h i f.ip(j fiir^p.Kj.itu.jn f(ilp has en- 
.!M KjtM r.Mp fviij-.-.:; y pro(ji;..ir'.g th(^sf^ matPrials. 
r-. .'.»■!! is f^nvi'j m^ient aoencios. to find v/ays o^ 
yn \i'r.\ ii /]'n)jn,shino !^p iqnition and flame- 
'^i-M. r\ i f' !' i< v-i i«-t,{^c, ,)f \'f)(^c,r rn.jUMials The 
•'•t -'ut^.i I'.' M ^ jM-f' {i'},r(i.i'^.!s while.' rr-djcnq 

ry .\. )t\ f [ V Mt i. • 0 . 1 1 f , " f 1 a I /iT t P r 15^ ! J C5t 

;: jH-ng If'^-lPfiry t'lf nialpuals. 

• .. a., :-(] t»-..:sf- * If ! Mt-. t:)i^;h t^hysiral 

■ . . a ■ i; ■ it a iMtnn^ "jf 
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cKMosola during pyrolyr^is or actual fire exposure. 
A 'study of the effect of fire-retardant structure 
afwi concentration op snioke omission in urothane 
P'.'iymers has. been undertaken. Figure 11 illus- 
t^^^es the relationsi. ,)S existing^ betweefi fire 
M-.-tafdant structure and concentration and the 
sn jking tendency of rigid-urethane foanns. 

The effects ot heat flux, environment, poly- 
:m structure, and surface characteristics on 
S"- generation are also being studied 

Scaling and Modeling of Fires — Another 
f\: T-RANN-sponsored project is being operated 
jc My ^by Harvard University and the Factory 
K' ial Research Corporation. Its primary ob- 
1'. ves are to develop basic physical and chem- 

mechanisms that will permit modeling and 
s -nq of large-scale fires. 

A large-scale test facility, a bedroom, has 
n selected for comparison purposes. This 
r will be equipped as an ordinary room and 
■ jrniture ignited. A correlation \\\\\ bo devej- 
to see if the tost may be accurately used to 
:p! a "real-hfc fire. " 
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Factors Affecting Survival During Firo £'x- * 
posvre — A series of experiments was conducted 
by niembers of the University of Utah's Flam- 
mability Resoaich Center to determine the physio- 
logical -effects on laboratory anirnals of carbon 
monoxide in smoke developed during the r:om- 
bustion of polymeric materials. 

A maximum body temperature of 42 Centi- 
grade (107.6 Fahrenheit) has been established as 
thn ceiling temperature for Sprague-Dav/ley rats. 
Exposure at this lev^l will produce major dys- 
function in the central nervous system, the 
respiratory system, and possibly other systems 
and organs. 

Utilizing an animal behavior conditioning 
chamber and an animal exposure chamber, it has 
been possible to classify tne degree of carbon 
monoxide Intoxication into five levels, as follows; 

Level 1 — Ataxic Behavior. 

Level 2 — Loss of Survival Response. 

Level 3~Motor Collap.se or Loss of Postural 
Tonus. 

Level 4-— Anoxic Shock. 
Level 5— Dnath. 

A system was developed for removal of small 
quantities ot arteri- . or venous blood during ani- 
mal exposufo via a heoarimzod cannula attached 
to a pedestal on the animaTs cranium Duf-inq 
exposure chamber experiments, it is r^ow possible 
to withdraw blood samples for a variety ot deter- 
minations, including carboxyhemoglobin. oxyhe- 
moglobin, electrolytes, '^crum enzymes, and vari- 
ous intoxicants. 

Using snviii ahcijots blo^xi {^approximately 
TrCn m.crol.tfrsj and the? Co-oximotor. there has 
:;(...fi ci*^v(Mo[>'.^d an analytical techrucjue tnat per- 
fV't^ ''>xt'fM^''f".' fapifi and .accurate flPtrammation 
3^ :):<yM^Mnr^qlol)'r*. afid r,,trt)oxyhf'nu>()lnhin. Fiq 
:s .1 typical ra'tDOxyhornogk)l)in loading 
I- '.: : >.iai''jq ca-vo obt.'afica an px|;0Mrnpatal 
a ■l aji -' •:yn a^i:c f.'xpcisufc co^-ditio^-s. Loss 
.. f fM<' .J.' a:, i: s ^Mi".;val tasponse OCCLarp-d at 

f V/ Ih' ■ •>■-»■■ • ' f r. '.-^ aajontao c.h.af** bor. it 
■ ./\ ;.. ) .a> v-'I'-a -i'-' af.-n*.}l mmiol ta 

r, n»- .a i ;c;ri of s^av = val n^^po'^r.o 

• !h t»'M M,'-/' ai^a.{ of df.ith 'Th;s 

f.. a.-t fi.i^ -r-i!.* a ■■,■,;!>!. « !j<>'rvf' 'h*- 

■ !■■ 1'.: ;. ; a- ■ ! / ^■ i ■ ' ' 
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Figure 13 





manager has beon deputized as a Deputy State 
Fire Marshal and as a Special Consultant to the 
Salt Lake City Fire Department. Two vehicles 
hjv<} i)t?en ocjuipped with two-way v<\6\o com- 
munications with the state and city fire services. 
One phase of these programs is a reconstruction 
of fire events as they occur. \ 

Upon notification of- a potential fire injury, 
project Investigators proceed to the fire? scene 
and. where possible, enter the burning structure^ 
to collect gas samples and record the ftrt? 
proqre.^s with Infrared photograph technlqOps. In 
the event of death, an autopsy is performed by 
the Medical Examiner of the State of Utah. Blood 
chemical analysis is carried out in conjunction 
with the project toxicologists. 

After the fire is brought under control, se- 
lected samples are returned to the laboratory for 
chemical and thermochemical analysis. Sophisti- 
cated analytical techniques are being developed 
to permit the development of a temperature pro- 
file which may have occurred during the fire.- 
Analysis of gas samples is providing insight into 
the cause of inhalation injuries and the role 
materials, such as plastics, play in fire casualties. 
Typical case histories developed at the fire scone 
by project investigators in cooperation with the 
firo services am available on request from the 
Flammability Research Center. University of 
Utah. 

fmy LoH'j RcciiiCUon Through hiiproved 
^iUiruLirds-'-flio and ouilding code officials 
inrouqhout the C0'\n\'y have become nIarnuKi by 
the incroasi'";g numbof of conflac^rat'ons involving 
r^iast'Cs Many laboratory-scale tost procedures 
h.ivo oopri f)ronMilqatnd during recent years to 
■ -.^.lu.itc tMo fiani.'iM!):!iiv chai iclonst'CS mate 
Mt<-\ Oft'*\'i no ;irf(.M;! f.oiM'l ttion eXiS?*'^^ Up!v.<»-"^''. 
"■"=;.• ^'^st'-> seivice nor f^.i (TKince. 
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weight continuously during the combustion 
process. Diiiing snioko tosts. sample weight and 
hqht transmission worn idc]C}Ocl by dinital ro- 
oOui-oMS every throe socmds. The values o? un- 
corrected specific optical density and sample 
vveioht loss tor uretlvme foam as a function of 
time are plotted in Figure '16. 
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consurried-rtiass-normalized basis. Figure 17 is a 
plot of the mass-optical density as a function of 
time for eight materials under non-flarr.ing con- 

;!iti{)ns. 

Preliminary experiments have been cori- 
ducted by placing aninials within the smoke 
chamber^ in an attempt to develop a correlation 
of survival r;4sponse with the previously described 
mass-optical density. A smoke density-physio- 
logical response plot is illustrated in Figure 18. 
The products of combustion are being determined 
through use of a computerized analytical' system. 
When^this technique is refined, it shoul^ provide 
the basis for a first evaluation of th^ potential 
toxic products hazard. / 

Systems Approach to the Fire Problem— Ihe 
NSF-RANN programs are developir/g an improved 
research base and new technology which will be 
used m the employment of a systems approach to 
facilitate the reduction of fire losses. Table IX 
sunimarizes the componerMs' utilized in this 
system. 
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Table IX 

Systems Approach to Fire Loss Reduction 

Fundamentals of Combustion 

Educational Programs. 

Arr h't^'^Clurnl Dosiqn ConsidoratiOJ^s 

F ir) / C)i'lr(Mion f^yslen-ir. 

\' r'- !'-,i]ppre?r>5rc^n Syste^Ti?^ 



architects, structural engineers, and fire service 
officials to insure engineering design for maxi- 
mum fire safety. This systems approach will 
involve the use of early warning detection and 
reliable fire suppression systems. Special con- 
sideration will be focused on the unique problems 
encountered in high-rise structures to provide 
safe areas for life support. . 

Ancillary Benefits Provided by 
NSF-RANN Fire Programs 

As a result of the tire research programs a 
number of ancillary benefits have been realized. 
These include, but are not limited to. the fol- 
lowing: 

1. A metliod of cleaning oil spills by com- 
bustion techniques, 

2. Development of computerized chemical 
nnalyti'cal tochniquee for arson investigation. 

3. Techniques for determination of leakage 
■ from fuel storage sites. 

Summary 

The NSF Fire Research Program covers the 
spectrum from basic to applied researcfi and is 
directed at critical elements of the nation's 
life pioblems. Through close coordination with 
other ■ Federal aqencies there has resulted a 
loseatch (?ffort tliat \s complernentary and often 
f)t^rm(ts study on longer-term payoff areas than 
IS usually [)osr;ible in a mission agency Projects 
contain utilization plans, coupling with potential 
ust^rs and periodic progress reviews to accel- 
e-ratf th(^ f'n'^sfnr of research results to useful 
n.j'posos siiid tn pro'r(i\c )he research people 
Vr jn A KiioA irciq^' of ru'tul-, of practitioners. 

Thc> NSFT^ANN proqriun har. demonstrated 
ir;-' r>'' jM'^'Ss th.'ir r-m r( ai(/t'(l through a wcll- 
( •■ 'Mlf ;| r r.r'tM'jjnrj n/Hic^nal fire research 
.-^i.'jt Tn;c. 'y;,^. (jf t ff.'ft v/iii {)revrnt tfu? ne(rd \0 
■ •() ■ I • |i' ■■)' ti.i^r-i I 'i fire flis.i'^^^er 
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How much could changed reseaich alter the 
naiion s response to earthquakes, floods, frosts, 
hurricanes and other natural hazards? At the 
University of Colorado, a group is. addressing 
this question. The group includes economists, 
engineers, geographers, a lawyer, meteorologists, 
psychologists and sociologists. It works with 
experts of the National Center for Atmospheric 
RoseafCh. Travelers Insurance Company and 
Colorado State University; and representatives 
from the" Federal Departments of Agriculture. 
Commerce. Defensn." Housing and Urban Devel- 
{ and tne Interior, and selected state and 
.i^Lin'Oipat agencies across the country. 

We are trying to ask this question in a way 
Lsoful to researchers and admif^istrat rs m agen- 
c -^-s t.^>a- allocate fesea^rh funvis and apply 

The a n"* of *^''S 0''ojec: — Assessment pf Re 
V.,-. vr^i on N^tUi'-al Hazards — is to take advantage 
■* '/-o ot-Cvii ffaniev.otks anrj detailed stud- 
■■■•s ^ir.-^.Kj '.tevoloo^d ^or ijn.ted sectors the 
.■ ■!: ■■■■■^ T'^c, ...-•I t^M^p it DOSSiOlo to .?naly/o 

n.^t .;:*'iV5,!'..it ')ri -ifh" rcg.iid t(; rnajor qeo- 
r:*"'/S'C'J h u?:j';:5 -vv-i '."^ r.o!i.ibO''atiO'^ with the 
• •■■■■M.. c ic- ncios to devnioo a state- 
.hr. •-ir^'o ool ::y ."iltpr natives and :1 
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geophysical hazards. It Is expected to offer 
specific suggestions for state and Federal plan- 
ning-related research activity. It might or might 
not result in innovative policies and research 
proposals. 

' The effort canvasses severaMines of activity 
that have advanced' far in coping with one hazard, 
but not with others. For example, the estimate of 
payoff from' research on earthquake-resistant 
structures is extended to flood-resistant struc- 
tures. How many of the appraisal results will be 
translated into revised policy, procedure, or 
budget cannot be predicted. But the entire 
assessment is conducted so as to enhance the 
likelihood that concerned Federal and state agen- 
cies woulci'be disposed to act upon the findings. 

The assessment focuses on the following 
geophysical hazards: ■ «^ 

Avalanche j 

Ooastal Eros'on 

Drought 

Ea'-thqua^o 

Fic^d ' ' 

FroVl 

Ha. I 

Mum :r..i:'t^ 

L in.'-isl .1e ' 
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— Secondary or indiiect losses 

including" long-term hard-to 

UociHTient losses. 
—Geographic disti'ibulioi^ of 

. such losses, national, regional. 

state and local levels. 

? Vvhat is known about the quality 
of these data — coniprehensivenoss. 
valiJity. etc.? This includns the 
problems of comparability of data 
collection afKi aggreqatiofi across" 
the various types of hazards, 
f 

'S. What IS known o^' tho effectiveness 
of cii^'jont mochanisms used to cope 
Aith each hazard? This includes 
efforts at pfovention or mitigation of 
* tho'ha.Mrd. dotc.ction. watfung and 
ev.jcuat<ift hnci use controls, re- 
cuniomonts 'nr coi-strucUon anil 
rr^j.^Uon.'jnci? r.\ structures, conipefv 
sa!:On .i^.c'ud.na .r>sur:r''.co p.'ej-d>5- 
■ oLini-iing for post-impact i*"^- 

so.)''Sf' nosl'irnf^iCi rehet efforts 
■■•n:':'^sv :.'r.- trv> and f^'^^.^ibililatiOf^ 

\' ,t .y. qr.\ 0- us«"i :''M*^-"»n 

■^\«: * '•■S'^ IT'" .y''^ l'"r^:^f\St' iS. '^ 
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Figure 1 




WhallsHappenindj? 

From analysis- of the results of a whole ser es 
of individual and calloctive decisions, we begin 
to judge the extent tp which additional scientific 
and technical knowledge has been or rfiight be 
used in coping with , natural hazards. Examina- 
t'On of the factois co'itril)ulino to those decisions 
illuminates the pointy at vvfjich changes might 
taKo oiace. 

Take tho rocorti of floods. Correcting loi 
both population ar^/pricos. we (f-au. trace over a 
pOfiod of seventy yVa'9^ tlic couise of 'per capita 
ii.ilional r.MopRrry damaojos arxi deaths, and iden- 
tify tio.nris in them ^Figgro ?} Th»s raises quos- 
•.a.'.^n^^.^us- {0 vv^vy pai4*<-yf.V ccimbm.itions' of auction 
M iv(^ bf'(r\ j(1oplr?d a'^ Uhnlh(?r r^nw infonnatiOfi 

Sini ;/{{ty '/,e rnn eK<im.r>e m Tai:'ip I the 
: ^o- o.icn of thn who'n r.niqe of hazards 
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botvvoen the costs of losses in ptoporty and livos 
■ and tho costs of adtustinonts, as woll ns \he 
l)onefits that come from occupying and dovolop- 
inq hazardous areas. 

Could Research Foster Improvement? 

The assossiTiont of a pnrticulnr.ha?ard begins 
with a stalomonl 'at Time 1. say 1^70. about the 
cu?»ont niix of 'ad|ustmenls for the nation, of the 
costs and biinefits. and the cTfects on various 
sectors of the population '(Figure 3). Then it 
asks: what kind of researcfi micjfit have a signifi- 
cant effect on individual aCtiO'v— directly, or 
throucjlypubli(; policy decisions — in Time 2? The 
npalysis then proceeds to investigate what inter- 
actions might account for a change from one time 
to anothcS^ 'f nideed any change occurs. The 
f Jesuit is to (Sit^'^mino the social utility of various, 
kifids of roS(\uW) and m the process, to stimulate 
a continuino analysiis on the part of the agencies 
conccined. 
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Methods and Tools 

VVp have usoci a ruinibpf of doviCf^s to do this, 
frr.^ dociSion piocr.ss ' fc^i allocating * funds to 
'Mtiir.ii- h.i/.itd^ u'SP.'uch has bc^n haphazard at 
l)f»si VVhiU^ (If^laiU'd cxpfuuliture prc^f^fams usu- 
ally cV.v anpinisod ^Mth niuuUn caip at budqc^t and 
Inqislalivo U'vols. only tho most oross estimates 
of poto/itial boi^pftts are d(?vnlopofi : nd cost 
(^st'.nuUos ottpn apprar to nKaioiiali/e out of thin 
a:r To rontinuo this almost rasiial acceptancf^ 
of implioci rospuch piioritips is to invito over- 
pxprjndituf OS iti some directions and under- ex- 
p(MUli!i)tt'»s in othni s 

I'ulicat'Vi^ of ntio rotTiiTu-vi tyf)(' f^f ap.alysis 
\^\\h^f^(^ in e5*,'al'i:shtMfi appf^M">'iato fimdinq levels 



for natural hazards reseat ch. is the. report by tho 
Committee on Public engineering Policy.^ Essen- 
tially, that report utilizes an informed consensus \ 
method by v/hich prioriticTfe and research expendi- 
tures aro' agreed upon, ConTpetent and experi- 
enced peopie are asked to share thei^'judgments. 
Figure 4 illustrates the process whereby members 
of a committee each indicate their relative prefer- 
enct?? (points A. B. C. D. etc.); the final decision 
is the mean of those (point X). with "the mean 
ofte^n being affected by the weight of influonce' 
exercised by each membe 



Upper Expoiida^ 




Minimum • ' * 




R98earcf) Effort 



it is a rare scientificdiscipline or policy field' 
that has not been tho subject of an evaluallon 
of research needs at one or more times over the 
pa^t two decades. These always requite assump- 
tions- as io put)lic aims, nltiioucih the aiiTis may 
tiot be speci'iod. P^osearch reviews .of this type 
range from tho humed to. the deliberate, and 
reflect the composition and interaction of the 
qroups taking patt. They may hy heavy stress 3n 
advancinq a discipline, hclpmn a particular user 
qroup. or defminq new problems In stanco. they 
may be solf-sorvinq political compiomises. or 
iTiqhly objective 

The appropriation and authorization process 
concnining research payoffs and opportunities — 
in Conqross. and to a lesser extent in state legis- 
latures — IS a srqnificant part of tho research or 
program evaluation process. Aqency review of 
research opportunities may include social meth- 

^- 

Comrnittoo on Piihlir Ff»qif>(»^r|nq P(^licy. NationnI 
Ai.qdi'niy ul nqifu^oriiuj Pnofttr:; } >r fh^st^nrch Ap- 
f lind !o ^ ./'()/) . uy., .hiiHil"!} f) 10/3. IMNN 
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cHls or ways of judgirVg research payoffs or oppor- 
tunities: ' osl-be/ief it analysis, cost^ effectiveness 
(V a consofisiis of experts as tc{ the type of 
research that should be afforded budgetary and 
Uwithorization priorities.* The National Science » 
Foundation uses both group and - individual 
..(18.000 in a year) evaluation of research priorities 
during its consideration of 14.000 research* pro- 
j)osals*in a ^car. Other research funding organi-' 
''zations foilow somewhat simiUir method^ of 
poor roviow. In turn, such' qrorips or individual*', 
in a summary judgment utilize cost-benefit aHd 
other methods, sometimes made explicit and 
sometirr^es implicit. At time thp Department 
of Agriculture sent out ;w|uestionnaire to 'all the 
.land grant collogos and agricultural schoots^asl<- 
i* g what thuir 'research priorities were. However. 
Jhe process is n^)W more sophisticated. 

Another common mode of analysis is also 
roprosonted in Figure 4. The cost-effectiveness 
approach either puts an upper limit on expendi- 
tures, or determines a minimum level of benefits 
to be achieved at the lowest practicable cost. It 
begins v ith an agreed objective and examines 
the likely^bonefits of different actions. The cost- 
effectiveness approach in government appfjars 
at* times in tbe^distussions between the "Office 
of Management and Budget (0MB) and an indi- 
vidual agency as to how the aqenr^y program and 
budget fit into the final budget of the* United 
States Thp President detdrniir^es an upper limit 
to the Federal budget: 0MB officials are then 
rnsponsit)ie "for rocommo'^ iinc^ upper limits 
among agencies to stay within the President's 
l)Uc1get priorities ^ 

W*^ use a variety of tools ^They include the 
follcio.iriq: 

A l.lor.itufo ipvicnv 

Estiiviatc^s of bonnfiTs fiom possible adjust 
Fstimalrs'of co^\^ ^ 

.'^nmlalion models of the iHlationshif:^^ that 
p.»H'ni to aoroimt for the orcupntion of various 
*vi/rU(< a{pa<; 

A scpn.iMo .malyJ^'S o^ what has h.apppriod 
.imJ v\riat n^iqfM i^xpocjl^ci to haf')ppri <{! pai- 
!<c:;j{ai SiIua!ions with clrff(?f(Mit ii;[)ii!s of sc'.ifiV^o 
UKi tPcfvuiloqy 

Woik^^hops witr^ rovK^Acv'S an(j r -visiiltar^tc; 

FjimIIv tfu'' fvod iftion .^1 a l.st t^f ro?;oairfi 
«'r>poMijrHr(P<; fwalnaloi! by a '\r-\ of CMrf>ita that 
h.ivi*' l.'M'f^ car*'fiiMv SiMcil out ovot a ptM'od of 
.1 yo.w 




The assessment is beciun for each major 
geophysical hazard with a lUeraturo review aimed^ 
at assembling past judgments as to needs. These 
are supplemented by analyses of current losses, 
benefits, adoption of adjustments/ and research 
activities. In ihe summaries distributed for con- 
ferer!ce review no references are cited, but full 
sets of references accompany the longer draft 
reports, . 

In instances where datji and time permit, es- 
timates are made - of the "cost effectiveness of 
possible adjustments to individual hazards, as in 
calculating the cheapest way of attaining an 
agreed goal. ' 

Within the some limits, estimates are made 
of *the costs and benefits of possible adjugtments 
as a means ?)f calculating the order of magnitude 
of the lil^ely net benefits from a postulated change 
in adjustmont. It often is easier to calculate 
benefits than to-tal social costs. 

Estimates of social effects of changing ad- 
•justments may be facili.tated in a few instances 
by sinnilation 'modeling and by seen- "io analysis. 
The two are- closely related. ^ • ' v 

If we were to understand fully the ways ir 
which .one adjustment — such as insurancer- 
affects another adjustmei\t — such as land use 
planning — we couhd predict with some confidence 
the effect over time of changing the policy on 
insurance premiums. We would thereby gain 
insight 'into the land'-use consequences of |fe- 
seaich designed to find ways of increasirig the 
voluntary purchase of insurance. By attempting 
to simulate those interactions wo would test the 
adequncy of present knowledge. To the extent 
that the evidence permits, we would be able to 
(^stiniatc the prospective results of changing one 
of the variables.^ Thus, a rough aitempt can be 
made to model the relationship between an in- 
creased flow of information to municipal officials 
and the physical damage ami dir>ruption cosi of 
liravy rapid snow fall in urban aioas. as indicated 
ill F'iQnr(} 5. . ^ I 

Smuilation aisp can bo used to estimate the 
ronsfKUJoncos of the , occurrence of a physical 
('VPiit in ,1 diffcMenl place? or time. The work of 
[3oM G Fiindnian at Travolois Insurance Company 
oiovdos us a h.isis for calculating the earth- 
{]nal<(^ irUonsity for n section of the nation, such 
as Sou.hpin California if an oaftfiquako of a 
n^'(M> rn<}goitud(\ rioptfi and opicoritpr location 
vvpro to occAW .Fiqino6 illustral:?^ the geographic 
v,Hi ition within Cnhfornia .and adjacent states 

a^oa-^ on \hc. map aip iinifoinji in th(^ impact 
nf a fiypi IfuMical lfK}iiai<;i^ 



90 



- 1 
» 1 




By constructing scenarios of what would 
have happened in particular hazaid areas with 
specified combinations of adjustments at given 
times it is possible to tost some of^ the ideas 
giowinq out of tfie, simulation modeling and to 
identify critical types of information inputs and 
policy decisions. Thus. *he potential property 
damage from floods in«Rapid City. South Dakota 
can be esJimated for 1955-1980^ wilii ditferont 
assumptions as to growth rate and adjustmor 's 
adopted (Figure 7). 

The iong-term effects of no additional ad- 
justments, a regulate y piogram a protection 
program, and a warning prograi^i then can be 
compared. 

14 

/ 

i 

Major Issues 

Scenario analysis and explanation of (Adop- 
tion of adjustments feads us into several sets 
of major issues. Review o\ the state ot u^Moarch 
on riat'jral hazards suggests that the shape ami 
weight of future work ■ k the^e fields will bo 
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guided in large rTieasure by the position tc^ken by 
government agencies with respect to a few issues 
of public policy. One set of issues is a case in 
point. TViese r'elate to the practicability of incor- 
portiting natural ha;^ards adjustments In national 
and -state programs of land-use planning of the 
type that is now before the Congress. 

What IS the practicability of incorporating 
natural hazard adjustments in national, state "^nd 
local land-use plannmg? \ational support of land- 
use management is expanding in the present 
period and haZcV'ds are mentijned freguently as 
an important consideration in such planning.' Yet 
Ifttle is known, for instance, as^to the costs and 
direct benefits of using available hazard ^ata 
in designating land uses in local regulations. 
Theie is guestion as to whether hazard considera- 
tions are *o become a solid and integral part of 
nationally stimulated land-use plannik^g. If so. 
Ihe scanty experience ann lar;ge opportunities in 
larVl-use mariagement will need to bo examined 
piomptly. '*t:riticaily and iMiaqinatively. 
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1950 



I960 196r) 



T T 1 

1970 197!j 1980 



1. Hislorica! Devolopmcnl 

2. Hypotholicat Regulatory Progrcim 

3. Hypothoticai Protection Progr«')m 

4. Regulatory + Warning 

5. Hypottiotlcal Protection ^ Lower Damage Potential 

6. Warning and Preparedness 



What is required to obtain reasonably ac* 
cutnle delimitation of hazard areas? Without 
riiodpratoly accurate and legalTy admissible de- 
limitation of hazard areas, much insurance and 
most land-use management ^ canrlot pTrocecd. 
There is doubt as to how rapidly the mapping of 
susceptible areas can be accomplished In a 
fashion that will satisfy tegal qriteria for regula* 
tion. If the nation Is serious about emphasizing 
those approaches to hazards, a new and vigorous 
effo'rt must be made to lay the groundwork for 
accelerated mapping programs. 

There is a pleasing and sometimes vjery com- 
forting kind of solution thai many of us are in- 
clined to favor: i.e.. if We just undertook to plan 
adequately at the municipal and state level we 
would avGi't or largely nutigate the losses which 
the society v/iil have in the future. To test this 
kind of conclusion, it is necessary to examine 
what, in fact, has happened with land-use plan- 
niiig '.efforts and what the technical and societal 
limitations are of applying nov. reseaf:ch findmgs. 
For example, we might look at a sample flood 
plain in which part of the city is outside the plain 
and part lies within it. If we do this, we can ask 
what would be the economic and social conse- 
quences over a period of time of shifting the land 
use in this area over into the more protected 
areas, of readjusting building structures and im- 
\ proving warning systems, and the like (Figure 8). 
The answer is not always as simple as it seems 
at first blush, and the complications involved in 
attaifiinq an effective mix of those activitiGS are 
groat indeed. We riiust attempt to specify what 
kinds of public measures or research on such 
measuios would assume the applicjlLpn of tech- 
nology in those circumstances. 

From land-uso planr.mg. we can move into 
several otiier sorts of problems that present them- 
selves." Wo have very preliminary findings on 
those problems at this stage. 

Types of Findi-^qs 

For example, as a rough modot of the way 
a hazard warning system operates, figure 9 is 
I'lSti Lictive. Analysis of those relationships shows 
thai in fe\v if an*, instances is there at work in t^}e 
Umtod States i\ system th.jt is c olete. I mean 
conn >et(^ in the sense that from forecast time to 
Iho final response there has been -idoquato rec- 
ogi^ition of the piocesses that are work, and 
assinar.'-.e that when the forecast is issued, it 
indned has the oxpectefi offpcts, Fincimgs of tlus^ 
type lead to sij(iq^?stions of chanqf* in emphasis 
in irsfJvMf:! on Ihi^ p.ut of tho aqcMicu/s rc^spcMi- 
siblr foi sectors of vvarninq »\rtivity 
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^ A deceptively simplified fashion of presenting 
the results of the analysis is to evaluate the spec- 
trum of possibfe research on a given hazard 
according to selected criteria. We ar.e doing this 
but we recognize that the criteria "may neglect 
consideration of matters that, while^'ie^s readily 
quantified, may be more influential In the long run. 
The criteria applied to research, opportunities at 
this stage include:. 

benefit-cost ratio for the adjUbt- 
menls affecied. 

Measures of effect on human health. 

f . Measures of social disruption. 

Anticipated impacts on environ- 
mental quality. 

Distribution of economic effects by 
income groups. 

Expected practicability of adopting 
the research findings. 

These are in course of revision and extension. 

The ea;ly weel^s of this investiga^'^on were 
vigorously punctuated by thS Rapid City flood 
and tropical storm Agne's, We hope we will get 
through neW Spring without'tia^ing our findings 
underlined-^Xanotl^er expression of concern on 
the-^part of Nature. 'But, regardless of that, two 
things seem liliely from an appraisal of present 
conditions. One is that the prospects of very dam- 
aging responses to natural events in the ^United 
States are increasing/ The olher is that the nation 
is becoming more, rather than less, vulnerable to 
major systemic catastrophes. We hope that out 
of this assessment will come some judgment of 
where further research dnd development inputs 
would be most likely to avert catastrophe rather 
than to exacerbate it. We hope also that the 
assessment may stimulate in public agencies a 
keener appreciation of what the large "^ayoff^ 
are and how they mighf be captured. 
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Threats to the Natural Environment and 
Environmental Management 

RANN APPROACH TO ENVIRONMENTAL RESEARCH 

I 

V 

R. E. Johnson 

Deputy Director 
Environmental Systems and 

Resources Division ■ 
National Science Foundation , 

' Washington, D. C. 



Since its inception in 1971, RANN has given 
strong support to a program of environmental 
research. The goal 's to provide the scientific '■ 
basis foi managing our environment at a time 
when Government and industry decision makers 
must have the best information and best und&r- 
standijig of the environmental conssequences in 
the choices they are making. 

The basis for the environmental research 
program is the realization that management usu- 
ally cannot predict all of the results of its impor- 
tant^decisions. Also, issues facing us today are 
intractable when approached on a fragmeajary 
or disciplinary basis. Furthermore, probleriit of 
th3 envifo/iment are often regional in character, 
but decision structures meeting these problems 
tend to beJocalized. 

The DivtBion of Environmental Systems and 
Resources manages more than 200 active re- 
search projects, each reviewed by the i^cientiftC 
community and by representatives of users ^ 
potential project results. Suggestions and criti- 
C'sms by the reviewers hove often caused major 
adjustments in the research or management plan 
before funding has been approved. In addition 
to its scientific merit, each proiect Is expected to 
have strong impact on policies and operations 
carriofj out Government and private industry. 

Program obioctives are: 

• To define specific, environmental 
I problems, inventory policy and man- 
% agement ailemativtis In meeting the 

problems. 

• To analyze the resources impacted 
and ecosystems affected. 




• To analyze the economic and social 
consequences of management deci- 
sions affecting the environment. 

• To synthesize and evaluate manage- 
ment strategies and practfcos fbr re«' 
taining environmental values. 

These objectives are intended to provide a 
strengthened research base between, mission or 
operational agencies and the scientific commu- 
nity. Team approaches are followed in studying 
environmental problems. Short-term irnpacls on - 
specific problerns. and longer term inputs on 
major resourca management problems, are both 
a part of the program's grant package. 

It is not practicable to study ^11 aspects of 
energy-environment relation hips or interacrtions 
between materials and environment, but at the 
present time three major program elements are 
active. Each is hiohlighted by examples of se- 
lected investigators and c'ata users in the papers ' 
that follow. ^ i\ 



The three program olemonls are: 

• Studies on trace contaminants in the 
environment. j 

• Some dSfpects of weather modification. ^ 

• A broad category of studies covering 
regional environmental systems. 

The Trac^i^ Contaminant.^ program is piin- 
CI pally concerned with determining the levels 
of toxic substances tn thf? environrTJont. assessing 
tho effects of thosn levels on plant and animal 
communities inclucJing humans, and relating these 
findings to mothocis of control Most of tho^offort 
ti.'is boon applied on load, mercury, molybdenum. 
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and thtj zinc-cadniium complox of metals. Other 
work has been done on nitrate in soils ^and water 
ar» a product of agricultural fertilization, practices, 
and atmospheric particulates and gaseous pollu- 
tants. I^^provod techniqiJes and instrumentation 
in analytical chemistry have also boon developed, 
as Vv'ill be noted in -Dr. Frank He''sman*3 paper 
later in this volume. 

Tiu) Weather Modification' Prograrti is de- 
volopmq an understanding of the mechanism of 
hail formation m severe storms to cetormino 
whether, whefi and how the formatiori of dam- 
aging hail can be suppressed. The ways in which 
large cities and industrial areas may produce 
anomalies local weather patterns are also 
studied, so truit effects of fog or heavy precipita- 
tion can be predicted and prepared for RANN 
maintains close ties with the Interdepartmental 
Committot' on Atmospheric Sciences, a Federal 



ager^cy*consort^um that .guarantees communica* 
tion and coordination among governrtient studies 
on the atmosphere. The impact of planned 
weather modificatiofi on social, economic, legal 
and ecological aspects ot. the area under treat- 
ment is also studied. 

The Regional Environtnental Systems pro- 
gram focuses on the issues of land use and 
management, giving particular attention to coastal 
^ones and estuaries — highlighted in the Fruh and 
Mosely papers — semi-primitive areas and the 
urban-rural interface. 

The planning and^ managernent of a region 
or a resource for maximum societal benefit and 
minir>ium environmental insult requires an ability 
to evaluate the consequences of all possible 
alternatives, an ability that the Regional Environ- 
mental Systems progratji seeks to enhance iri 
qovcMimental and industrial sectors. 
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MISSOURI LEAD BELT PROJECT 

t 

Bobby G. Wixspn 

Professor, Environmental Health 
Environmental Research- Center 
Department of Civil Engineering 
V University of Missouri-Rolla 
Rolla, Missouri 

M. Norman Anderson 

Vice President. COMINCO American, Inc. 
^ Spokane, Washington 



DR. V;iXSON: 

Missouri as noted in the N£F film entitled 
vLead — A Four Letter Worry'" is ♦he source of 80 
per cent of the U.S. total lead production, which 
had a value of some $185 million in 1972. In just 
six years the Viburnum Trend, or *'New Lead 
Belt." has become the largest lead-producing 
district in the world, It is 75 miles sruthwest of 
Louis, largely within the boundary of the CIdrk 
National Forest, see Figure 1, 

In 1965, five new mines and two new lead 
smelters beyan actively planning and preparing 
for production, and environmental concern was 
part of the planning. All of t le companies soon 
became acquainted with thg people of the various 
Federal and state agencies as well as the Uni- 
versity of MIssouri-Rolla. During the next six years 
St. Joe Minerals Corp.. American Metal Clinriax. 
Inc.. Corninco American Incorporated: Ozark Lead 
Company (K.ennecott) and American Smelting and 
Refining Company participated in lesearch efforts 
and made properties, equipment, manpower, in- 
formation a. id funding available for University of 
•Missouri-Rolla scientists and engineers. The com- 
panies also actively engaged in information ox- 
change ajeetings^devei^pment of nef;ded analyti- 
cal methods and use of research findings for thr 
modification or construction of pollution abate- 
ri'iont facilities. f 

On.? of the onvironYnental problems, ich 
initiated a more formalized cooperative rose.irv^h 
progiam. occurred in August 1970 Discoloration 
or bronzing was noticed in tho new growth on 
the top of trees downwind from a smelter stack. 
Conco-n about this manifestation called into 
«^xistr ice a cooperative research nffoM nmo"'q 

Amax Load Gvinpany (^f Missoir*. ttie Uni- 



versity of Missouri, the U.S. Forest Service and 
other Federal and state agencies. 

The Forest Service provided vegetative 
studies and sulfur dioxide and cllmatologic mon- 
itoring instruments. The U.S. Bureau of Mines 
and the U.S. Geological Survey provided back- 
ground data an(J.-4echn!cal assistance. The Mis- 
souri Division /of Geological Survey and Water 
Resources volMnteered.iits expertise in aerial pho- 
tography. The lylissoua'Air Conservation Commis- 
sioh provided dat&.-stjffur tJioxide equipment, and 
technical assistance. The Missouri Department 
of Conservation and the University of Missouri 
Envirrnmental Trace Substances Center ' per- 
formed biopsies and analyses of the effects of 
-^missions on the fauna of the are^'^'. Additional 
data collections and information relative to the 
study area were supplied by the U.S. Environ- 
mental Protectioti Agency and the Missouri Clean 
Water Commission. 

Task Assignments 

Correlating and interpreting the data col- 
lected by the various investigators were the tasks 
of the University of Missouri-Rolla research sci- 
entists, who also devised methods and equipment 
to allow the Clark National Forest and the "New 
Lead Belt" to coexist in peace and harmony. As a 
subsequent outgrowth of these efforts, fie NSF- 
RANN. Trace Contaminants Program fun jed the 
•University of Missouri to^rovlde additional lead 
study research along similar lines throughout the 
new lend belt area. 

vSampie grids wore established aiound the, 
smelter as well as continuous sulfur dioxide mon- 
itors. dustfaM bu::kets and siTlfale candles. An 
existing meteorological station was repaired and 
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a second meteorological l^ation was established 
at a nearby fire towor. The^ a program of data 
collection, equipment servicing and analysis was 
set in motion. 

In general, the university directed the pro- 
gram, set standards, provided much of the analy- 
sis and correlated and interpreted the data. 

As a result of this research it has been estab- 
lished that excessive sulfur dioxide and acid mist 
emission from the smelter wore the causes of 
premature tree browning in the late summer of 
1970. It was further established that a higher than 
background pattern of sulfur and lead in soil and. 
vegetation was noticeable immediately around the 
smelter. Recommendations for control actions in 
these problem areas were then passed on to the 
industry. 

The typical mine-mill operation is- composed 
of underground mining, as in Figure 2. and milling, 
where the limestone/mir.eral mix is processed into 
lead, zinc and copper concentrate for shipment to 
the smelter and the residual limestone is dis- 
carded as tailings. This residue, which also con- 
tains traces of minerals, is deposited ii^ "tailings 
ponds" where the solids settle out and the expess 
mine and mill water is discharged. 




This produces several source? of pollution 
Thoy include subterranean min^water. minor oil 
.spills and incorporation of finely ground rock and 
mmer ils if^*o water ,froni the milling process, 
which airo . contains Uacos of orqanic flotatie^n 
reagents These mine/mill eff/uenis have s *yu- 
lated algae qiowths that cohted stream beds 
causing aesthetic problems and disruptmq normal 
r^trenrn populations These biological mats act 
as hvir^g f-lters to extract diliite nutrients and to 
filler nijt ftnrHy qround particles of hmestone. 
i'M^. /-ru- ,ruj ry^f-jf^fv 'Atuch (^scap*^ thp tailinq 



Through interaction with the industries and 
agencies conc^^rned. experimental treatment pro- 
cedures were recommended to solve this problem. 
In Figure 3, Mr. Anderson is shown discussing the 
new environmental controls with representatives 
of the U.S. Forest Service and IJniversity of 
Missouri researchers. 

, Moreover, virtually 'all of ths participating 
jl-'ederal and state agencies are using scientific 
data collected by this study in the development 
of improved air and water standards and regula- 
tions. Further, as a result of i visit by the British 
Zuckerman Commission on Mining and the En- 
vironment, this project is being cited ac a model 
program in terms of cooperative spirit and social 
relevance iri solving a common problem. 

\ Figure 3 




MR. ANDERSON: 

As soon as it became evident what the results 
ot the study were, the company, the' univeisity. 
the U.S. Forest Service and other interested state 
and federal agencies sat down together. We set 
aside our potentially adversary positions and. 
i. .stead, pushed facts and hypothesis into view 
reviewing then with a common goal — lo solve 
the problems. 

By holding several face-to-face exchanges 
among the environmental investigator, the requ- 
later and the operator, wo learned to recoqni/'e 
each other's problems. We learned not to over- 
simplify. We avoided costly false sotuiions. And. 
we solved a few problems. 



Control Measures 

1 fie foUowmq aie examples of soh.o of the 
control measures thcU wero implemented' 

Concerning the sulfur dioxide problem at 
the Smelter: 
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1. Th*? smelter recovers dbout 70 per 
/ cent the sulfur dioxide in the form 

of sulturic acid. Acid mist emission 
from the acid plant was identified as 
the most serious^tii'oblem and was 
attributed to Cjeft^in inadequaqies in 
the plant itself. A "high efficiency" 
~ mist elirriinator and additional cool- 
ing capacity wore installod^ and the 
problem appears resolved- This has 
. resulted in improved acid plant effi- 
ciency, increased acid production, 
improved' sulfur recovery., and re- 
duced sulfur dioxide emissions. It 
cost $360,000. 

?. Four permanent ambient sulfur di- 
oxide monitoring stations were in- 

* stcjiled. Results are telemetered to 
the smelter and, whenever the ambi- 
ent level at any station exceeds the 
Missouri one hour standard (0.25 
ppm) for 10 minutes, the sir|ter/acid 
plant is shut down. This installation 
cost $50,000. 

3. A continuous stack analysing system 
IS being installed. This will cost 
$20,000. 

4. Studies aro under way to replace the 
present 200-foot-tall sta«:k with a 
taller one. This will not allow in- 
creased emissions, but will reduce 
ambient sulfur dioxide levels. Esti- . 
mated cost: $1 million. 

Concerning lead contamlnatlbr\ immediately 
around the smelter: 

1. Two dams were built to catch and 
settle all storrti water runoff from the 
plant. These cost $50,000. 

Bag-house maintenance and opera- 
tion were improved. At present, par- 
ticulate Ipadi.ngs are quite low and 
th6 plant^'normally operates with an 
invisible plume. 

3. The acid plant bag house is being 
replaced with a hoi. electrostatic 
precipitator. This will cost $1 million. 

4. Windblown dust from inside the plant 
has been identified as the most sig- 
nificant source of lead failout. A new 
dust-ha.idling system is being planned 
and a yard paving program Is under 
way. These will be followed by reg- 
ular and continuous yard sweeping 
and washing and will cost $1 million. 



5. Improved in-plant ventilation is * ' 
planned to. improve hyg^'^ne and re- 
duce inplant dusting. 1 : will cost* 
$500,000. 

Finally, 1he company has established a well- 
qualified, full time, in-house environmental group 
to monitor the operations and to work with the 
agencies and researchers to establish effective 
pollution control measures. 

Turning (o the algae problem in the receivincj 
streams below the mine arid mills^ there are 
several potential sources of this problem growth: 

1. Subterranean mine water, coming out 
of limestone, 1,000 feet below the' 
surface, contains dissolved carbon ^ 
dioxide, carbonates etc., in above- 
normal amounts and can cause; prob- 
lems. ^/ 

2. Minor oil spills and incorporation of 
finely ground rock and minerals into 
the mine watfer is a problem. 

3. Water from the milling process con- 
' tains finely ground limestone and un- 

recovered minerals as well as traces 
^ of flotation reagents. This can cause 
problems. 

4. Surface runoff water during storms 
^ can agitate the ponds and increase 

rock-flour runoff. • 

5. The 'aquatic life balance can be up- 
set by the very presence of a new 
100 or 200 acre water empoundment. 

All of these can contribute to the problem. 

This water study has grown to involve nine 
mines operated by five companies plus the 
various university, state and federal agencies. 
Considerable progress has been made and two 
possible solutions are being tested: 

r 

1. Recirculatlon—The mill water is be- 
ing recycled but the excess mine 
water must be overflowed. 

2. Biologic treatment — A system of ar- 
tificial meanders was constructed be- 
low the tailings dam to provide aera* 
tion, residence time, and an environ- 
ment to grow algae mattes within the 
property boundaries. These algae 
mattes then act as filters to trap the 
very fine overflow rock particles. The 
maite growth is intended to "use up" 
the nutrients before they leave the 
property. After the meandors. a final 
sediment pond was constructed to 



collect any material riot deposited in 

the meanders, and to catch flood- ^ 

flushed material. 

Neither which solution is best nor whether, 
either will answer the problem sufficiently is yet 
determined. This work continues The meander . 
test has* cost $70;n00 to date. 

In addition to the alqae problpm, th^ uni- 
versity is continuing to investigate possible lonq- 
term trabo element build' up in the flora ajid 
?aunn in the receiving systems. 

W should be noted here that the receivitig 
stream water has been monitored since 1965, 
three years before start ^f operations. Water 
quality. '-by chemital parameters, continues to be 
, well within \icc6pted standards. The water is 
clear. FisH ihave beer planted and appear to bo 
thriving in both ponds and in the meanders. But. 
as stated by Dr. Wixson. we do have an aesthetic 
problem. 

Conclusion ^ 

The degree of cooperation In all these efforts 
has been oxtfaordinary. • 

The companies have confidence in the study 
team as aa unbiased research group. 

The researchers have free access to other- 
wise reslricted mine properties and operations. 

They are presenting the facts a,nd together 
we are devising stra4€gies to alter the reagHngs 
so as to provide -pyositlve environmental protection. 

Of particular 'value is our working together 
to tune-up nejid control mec' anisms. Procedures 
are not bei^^ dictated. When it is evident that 
sorrfething is not working, new procedures are 
developed No limit has been set on cooperatior^ 
appropriations or informations flow. And. there is 
.no atmosphere of threat. 



the ' control measures resulting , from this 
work will be of contipilethsipplicd value' to the 
mineral industry both in Missouri and elsewhere. 

This cooperative program has provided real- 
world problems that need solution. The university. 
* located "50~-milo€r -away, has a wealth of trained 
researchers capable and happy to work on these 
. practical problemis. The program is a Jine ex- 
ample of thp* public getting good value for the 
fsISF-RANN research dollar. 

And no one should accuse the companies of 
getting something ^br nothing. They have con- 
tributed rnqjney directly to ♦he university projects. 
They are contributing a of time. And. they 
have spent considei^able time and money in field- 
testing ideas Vom the groJjp. * 

. Everyone benefits. 

No one questions jiA/hether the environment 
IS wortny of our concern. It is. An,d we are 
working together to project it. We are also look- 
ing forward to the continued production of the 
much-needed* lead. 2inc. copper, silver and cad- 
mium from the New Lead Beit of f^issouri. 

We need Jhese metals to maintain our stand- 
ard of living. You can not nide a mine. The 
practical, co'mmon-sense. working partnership, de- 
veloped in this project has allowed environmental- 
ists to work with industrial engineers td solve, 
these problems and improve production. 

We think the Lead Project is indeed Research 
Applied to National Needs. As we acknowledge 
the support of this research by the NSF-RANN 
V^.race Contaminants Program, we also extend 
S!r:icere appreciation to the previously mentioned 
inc^ustries and other Federal and state agen- 
cies for their continued support, .assistance and 
participation. 
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DR. WEISS 

A prophetic exchange took place in May 1968 
during the First Rochester Conference on Toxicity^ 
vvhich surveyed research on persistent pesticides. 

Or Rcb^t . Risebrougfi (University of- 
California): 

"Why should mercury be a problem^in 
the northern countries rather than here . 
in the more temperate ones?" 

Dr. Fredrick Berglund (Swedish National 
Institute of Public H&alth):^ 

"I think one reason that this problem 
does not exist in the United States with 
mercury is that the leveJs are not known. 
Although there is a tolerance of zero for • 
meccury compounds in foods in the 
United States. I feel personally that the 
problem also exists here as it does in 
other parts of the world but it is not 
recognized." 

Two years later. Norvald Fimreite. a graduate 
student at the University of Western Ontario, 
reported that fish from Lake St. Clair bore daa- 
gerously high levels of mercury. His disclosure 
sparked a frantic survey of contamination in the 
United States, soon followed by news that fish 
and wildlife in fnore than half the states carried 
excessive levels. 

-^Next came the revelation of Dr. Bruce 
Macbuffie. Sta4e University of New York at 
Bingha.nton. that even deep ocean fish such as 
tuna and swordfish. once thought to ^e free of 
contamination, may contain unsafe quantities of 
mercury. These discoveries flung mercury into 
front-page prominence. 



^rhey also lifteil the University of Rochester 
into a prominent role as a.center of research Into 
the health effects of methylmercury. We built 
on our long experience with mercury "and its 
compounds. RANN, with kjrtfier support fronj the 
Food and Drug Administration and the NatlonaJ 
Institute of General Medical'Sciences, enabled us 
to'ptrike at the problem from many directions at 
once/ a strategy imposed by our ignorance of its 
dimensions. -> . 

Mercury Characteristiqs 

Donald, Hunter, the British toxicologist, classi- 
fies jnercury as one of the .''ancient metals."* 
Known since antiquity, this silvery liquid fulfills 
a variety of practical functions in modern society. 
The United S.tates alone consumed more than 
6 million pounds of mercury last year. 

Mercury was recognized as a poison as long 
ago as 1600 B. C. Mined mainly as cinnabar, or 
mercuric sulfide, it took such a toll of workers 
at the mines of Almaden. in Spain, that in 1665 
it inspired the first industrial hygiene 'legislation 
on record. Now< Almaden is serving as a labora- 
tory for us in studying community effects. 

The most frequently noted symptom, prob- 
ably because of its striking visibility, is tremor, 
it often was called "halter's shakes/' because so 
many workersjn the felt hat industry showed the 
symptom, or "Danbary shakes.'* because Dan- 
bury. Connecticut\ was the center of the now- 
defunct industry. 

Mercury exposure arose from fur soaked in 
an acid nitrate of mercury, shown in Figure 1, 
a process that transformed the smooth straight 
hair of the animal skins, from which the hats were 
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manufactured, into a twisted, rough, limp felt. 
As this "carroted" fur (so-cajled because it turned 
orange) passed through the various states of the 
manufacturing process, the mercury escaped into 
the air. exposing many workers to atmospheric 
cpncenhations far beyond safe levols. 

The current threat, however, encompasses 
different boundaries, originates from different 
sources, and evokes a different pattern of toxic 
symptoms. The mercury problem that provoked 
the recent headlines, and stirs the concern of 
toxicologists and responsible public officials, 
arises from the presence of mercury in food: in 
particular, an organic compound of mercury 
known as methylmercury. 

Mercury in Food 

Nowhere have its ecological manifestations 
been expressed as chillingly as Minamata Bay. 
where an entire community suffered disaster. 
Minamata, on the coast of the southernmost Jap- 
anese island of Kyushu. Figure 2. provided the 

Jirst intimations that organic mercury posed more 

• than a limited threai. 




The inhabitants of the area, mostly fishermen { 
and their families, were attacked between 1953 
and the earlyJ960s by a central nervous system 
affliction that'came to be known as ^'Minamata 
Disease." Numbness, slurred speech, incoordina- 
tion, emotional lability, narrowing of vision, and 
other symptoms marked its victims/Yhe Japanese 
•called it Kibyo, or mystery illness, because they 
could not discover the cause. They did find, * 
however, that the symptoms could be induced in 
cats by feeding them fish and shellfish caught 
from the bay. 

But it was not until Dr. Douglas fy^cAlplne, a 
visiting British toxicologist, pointed out the sim- 
ilarity of Minamata disease symptoms to those of 
organic mercury poisoning that the riddle -was 
crackeci. Minamata disease came from eating 
fish and shrilfish contaminated with organic mer- 
cury. The search for the source of the organic 
mercury led the Japanese scientists to a factory 
that i5sed mercuric chloride as a catalyst to manu- 
facture vinyl chloride. The factory dumped its 
effluent into the bay. High conoentrations of mer- 
cury were discovered near the nutfall and even at 
considerable distances from it. Fish and shellfish 
cfrom the bay were found to contain astonishing 
levels of mercury, and fishing was banned. 

Mercury in oceans, lakes and rivers arises 
from many sources — some atmospheric, some 
geological, some industrial. It used to be thought 
that the mercury from these sources would sink 
to the bottom and remain there, presumably inert, 
in perpetuity. Now we know better. Microorga- 
nisms in the bottom mud convert the inorganic 
mercury to methylmercury. As a ri^sult, these 
deposits continue to breed methylmercury. slowly 
but inoxo^nbly. perhaps for hundreds of years. ^ 
This superb human pesticide disperses in the 
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water, is first taken up by plankton and lilants, and, 
becoming more and more concentrated, ascends 
the food chain until it Ofilors fish r^uch^as piko 
\which also ing^^^st the mercury-ladon water itself) 
Tho fish will stiow flesh concentr.i}tions thousands 
of times higher 'than ,tliose of the surrounding 
welters. And thc^n hun-^afis. silting at the top of the 
food chain, feat the fish.« 



Threat Measured 

Our program, at^ Rochester focuses on one 
broad question: How rnuch of a threat to human 
health is mothylmorcury? 

A key problem to solve is how methylmercury 
iS handled by the body — how it may be trans- 
formed, chemically, how long it remains, where 
♦ ccncentrales. how it is excreted. All of these 
Ciie^lions cinrnand exceptionally stxnsitive and 
fehabio chemical assays. Our analytical group 
responded to 1his demand by developing several 
new ,issay methods, v 

VVi-^ needed, most of aM.M rapid but sensitive 
method for routine determinations Taking ad- 
vantage of tho skills of Dr. Lazio Magos. a toxi- 
cologist from Great Britain who was spending 
thf{?e rronths with our program, the analytical 
group developed aii atomic absor^^ion method 
at a particularly favorable time. Alrr^st as soon 
as tire task was accomplished, we fouri\j ourselves 
jfivolv^vl m the midst of an epidemic \f methyl- 
mtvcury poisoning in Iraq — to be desckUe^ by 
Dr Dhahir Without this indispensable tool at 
our (1'Sf)c)sal. wo could have been of little help. 

Our analytical group is devoting a significant 
i)ropo/tion of its effort to the analysis of hair. 
Sinrp mcMrajry accumulates in hair with concen- 
trations f(^fiectmg the body burden, hair analyses 
contain an individual's exposure history. Our 
qr.^ijp now can trace the recent his^'^ty of ex- 
oosui'- iM a s.ngle human hair Figure 3 shows 
^\vr sani[)ies being obtamod from a Spanish 
r)o!jn! '^tion exposed to mercury v.ipor. 

Our tiwareness .that tho fetus is exquisitoly 
SfMiS'iive to fori?iqn chemicals compelled us to 
Ml \ko orenalal effects a significant aspect of our 
pfogr.im We need to know how birlh defocts 
■ ins*'' from methylmercury Figure 4 shows tfie 
n.'si'jn of cross fos!ering research techniques to 
•\'-al.)it^ us 10 separate prenatal from neonatal 
r^xfV'Suff-^ VV»^ also need to find out how much 
■i;»'tf»y!mer ' ury might be t'afismitted by nursifjq 
rn.ifivvs. a [^articular concern of Dr Richard 
n-^hnrty Ihv. Iraq episode, particularly, stimulatpci 
' ^{\r ■nU^\n^\\ ,n Ihrs prob'em since there, as in mar^y 
•:.jd-Mon )| sf^C'et'es. children riurse for perh/\ps 




Kiqiirc ■! Experimental Design 
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two years. Figure b stiows a learn collecting 
samplr?s in Iraq At ttie same tiiTie that we've 
oern obtaining human samples from Iraq, we are 
conciucting laboratory studies (mice) in which we 
can precisely control exposure conditions and 
other fac:tors Tho milking |)roce('ure in Figure 6 
was dev(?lop(Kj by Dr. Alan Gates. 

As noted earlier, methylmorcury acts on the 
rVMvous system, so that its main symptoms are 
bf^iavorial and neurological The laboratory of 
F3ohavioial Toxicology is trying to (Jetermino more 
prccisply what functions go awry, what happens 
m ttie braip and how rnuch mnthylmercury is 
fru^uirnd to [)rodur.(^ dar^^age W,(^ iilso aro looking 
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Figure 7 




Figure 6 




for clues about what ■ Kino.^ of tests could be 
c)*?velopec1 for hurriaris. 

\ Ono of our oxponmpnts wit i r^ionkoys pro- 
vided a ciuo. Dr. Hugh Evans traineci mor^koys. 
as shown in Figure 7. to respond to a iiqhteci 
squan,), father than a sunultanoously presented 
Circle and t/iangle. Since mothylmercury seems 
to concentrate ui tfiat .tfea of the brain devoted 
to vision we devised this test to determi>;.e how 
much exposure was required to produce, visual 
impairment We also varied the' k)rightnoss of 
these forms. 

Thp first sy^iptorTi wc? sav; after weeks of 
oxposufo was a decrease in accuracy at the 
dimmest levfl We think now tfiat this may. pro- 
vide^ a 'usf?ful ti.'Sl for assessmq iho impact of 
nufnafi exf)f:sure. 



FRir 



Complementary Efforts 

As you can soe. our laboratory and field 
»v programs closely complement One another. In 
Peru and Samoa, helped -by additional funds from 
the canning and tuna industries, we are studying 
populations that may yield clues to consequences 
'.of lonq^term fiuman exposure, 

In Peru, with the collaboration of the World 
Health Organization, we are studying a coastal 
village whose inhabitants subsist largely on a 
diet of fish, some of them, such as sworr^fish and 
shark, coritainirig methylmercury concentrations 
much in excess of Food and Drug Administration 
guidelines. Figure 8 shows how dry this area is. 
with little other food available than lemons. Even 
water is trucked in. Figure 9 shows some of the 
inhabitants, who do not appear at .all mainour- 
ished In Samoa, we have access to a population 
of tuna fishermen who live mostly on fish during 
their five-month trips to the fishing grounds. 
Figure 10 is a scene from the harbor. 

Therapy is another aspect of our pr^ffr'am 
that proftts from the laboratory-field dialogue. 
Our original involvement in Iraq came about be- 
cause of Dr. Clarkson's success, -^n collaboration 
with Dow Chemical, in finding a /esin. that helps 
clear methylmercury from the bpiiy. Although the 
wo^k was done with mice, the pr>ssibie extension 
to humans Wvis sci/od on by Ir/iqi scientists and 
cliniciar.s confronlod by mass- ppisoriinq on an 
immense scale. 
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line have been perfarmed in Iraq. Figure 11 shows 
a schematic diagram of the process. ^ 
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At prpsont Mr. Paul Kostyniak is oxamminq 
thp tpchni(|u(' of dialysis — usod with kirlnry pa- 
t:p"ts— as a way to olimmato mothyl morcnry 
Uo'v. docjs. SuccpssKjI tr(\atnioa[s alo'iq \hv. samo 



The role of the prepared scientist in dealing 
with societal problems is , strikingly illustrated by 
the Iraq episode, which will be described by 
Dr. Dhahir. 

DR. DHAHIR: 

The 1972 epidemic of methylmercury poison- 
ing in'Irafl initiated a long-term collaborative pro- 
gram between the universities of Baghdad and 
Rochester. Shjdies of the epidemic were begurj 
on an emergency basis in February 1972 when 
the Iraqi Government called upon the World 
Health Organizatior^and Jnvited several interna- 
tional experts on mercury. Among those was Prof. 
Thomas W. Clarkson of the University of Rochester. 

This epidemic is the most catastrophic ever 
recorded in terms of its extent and the resulting 
morbidity and mortality. A total of 6.530 cases of 
poisoning were admitted 'to hospitals in provinces 
throughout the country, and there were 459 hos- 
pital deaths caused by methylmercury pgisoning. 
Figure 1 shows the total in each of the Iraqi 
provinces of hospital admission and deaths in the 
epidemic. 

Mercury-treated wheat and barley seeds were 
imported and distributed between September 16 
and October 15. 1971. The total amount of wheat 
and barley distribution was 73.201 and 22.262 
metric tons, respectively. Figures 2* and 3 portray 
the wheat and barley sacks imported for planting. 

The seed grain was imported largely from 
Mexico and thus the name Me^ipack is often 
given to it: some was imported from Algeria. The 
wh(?at shipped from Mexico was in Spanish- 
labolod sacks, and was the source of the flour 
and bread that was eaton by humans in Iraq; 
The barley was shipped from the United States in 
English-printod sacks. Some baHoy was fed to 

* Provided tn''''nif}h ihc murtor.y of M R. Groenwood. 
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animals in Iraq, but no problems were noticed. 
Additional reatment with the fungicide was made 
to some of the grain in Iraq. Poisoning occurred 
basically from consuming home-made bread pre- 
pared from (he treated grain, which was tinted 
with a pink dye to mdicate its treatment with the 
fungicide. 

Sorie of the farmers thought that by washing 
the gram and removing the dye the poisori would 
be washed off. too. In addition to this, some 
were more cautious: they first fed the gram to 



their animals and when there was no immediate 
response observed, 'they assumed that the poison 
was completely washed off. 

The majority of the poisoned subjects were 
farmers and their families. They baked their own 
Dread in ovens made from mud, such as that in 
Figure 4.' 

It should be pointed out that home-made 
bread was the source of mercury poisoning and 

'Provided thfoi^qh the courtesy, of M. R. Greenwood. 
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Figure 4 
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\h&\ not a single case of poisoning v^s recorded 
in major cities, where bread is prepared from 
government-inspected flour supplies. \ 

Major Concerns 

The major concerhs of the authorities were: 

1. Control of the epidemic. ' * 
^ 2, Prevention of further exposures. 

"3. Treatmentllf the exposed victims. 

To deal with the first and second phases of 
the ctisis. the authorities took the following 
measures: 

3. They issued stringent warnings con- 
j cerning the danger of consuming the 
\ t(cated grain. *> 

2. They orderei;i the return of what each 
farmer or individual had in his pos- „ 
session of the treated grain and as- 
sured death penalty for the violators. 

3. They observed daily checking and 
analysis of flour supplies and bak- 
eries, 

4. They prohibited slaughter of ^heep 
and cattle. This measure was raken . 
because of the fear that some o the 
barley had been fed to these aninals. 
However, analysis of hundred^ of 
meat samples revealed that a very 
few samples contained slightly high 
concentration of mercury, but overall 
were not significant: therefore, the 
meat was back on the market after 
three weeks of prohibition. 
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The first and second phases of the crisis 
consisted of the control' of the epidemic and the 
prevention of further exposures. After those 
phases were over and because of the fact that 
the scientific teams of Baghdad and Rochester 
were more involved in the clinical side, the study 
of the hospitalized cases inspired the two teams 
to adopt a proposati for a collaborative research 
project or. mercury goisoning in Iraq . This project 
was to be of ur^vpxsdi\ value to the l<nowledpe 
of man about thenazardous role of this element 
in our life. 

• At this stage. 'the small Mercury Analytical 
Laboratory became a large unit of f^ercury Ro- 
search Laboratory shown In Figure 5. This unit 
was first. equipped by Rochester's team and later 
by the University of Baghdad. 

Thip laboratory was responsible for pro- 
gramming the collection and analysis of all bio- 
logical materials from patients under study. The 
Scientific Committee supervised all research 
projects along with its duties as' the supreme 
advisory board formulated by the Ministry of 
Health and approved by the University of Baqhddd 
to act on all matters- concerned with mercury 
poisoning. The Clinical Committee was responsi- 
ble for evaluating all the clinical' manifestationn 
of the epidemic. ^ 




Goals of Joint Effort 

The major objoctlvos of the collaborative 
mercury program between the Universities of 
Baghdad and Rochester were: 

1. To study the clinical manifestations 
of ihe epidemic. 



2. To assess the pharmacoiogical and 
toxicological evaluations. 
I 3. To follow Lfp studies on the exposed 
* subjectsi 

Treatment of the exposed victims was the 
major concern of the two teams, lo carrying out 
this task, the knowledge about the kind of the 
mercurial fungicide used to treat the grain«»was a 
major factor. A| the beginning of the outbreak, 
it was thought that ethylmercury was responsible 
for the poisoning. Labels on the wheat sacks such 
as those in Figure 6 did not give any clue. 



Figure 6 




Information on the type of rnercurial com- 
pound used to treat the grain was not indicated 
on the wheat sacks nor on the labels attached 
to them. Gas chromatographic analysis of wheat 
and flour samples, at both the f^ercury Research 
Laboratory in Baghdad and in the Toxicology 
Center at Rochester, revealed that the major form 
of the fungicide was methylmercury. 

Three mercury-binding compounds used in 
the course of treatment were D-penicillamine, 
N-acetyl-DL-penicillaminG. and a thiol resin. This 
is the first study in which the thiol resin has been 
administered to humans. The U.S. Food and Drug 
Administration responded to the emergency by 
granting virtually immediate clearancu for the 
resin. 

Methylmercury produccs-characteristic toxic 
effects in humans which diffor from the toxic 
effects of other mercury con^pounds. The primary 
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signs and symptoms, of the family in Figure 7 
poisbned by methylmercury result from damage 
<o the nervous system and are character'zed by 
loss of sensation in the extremities of the hanSs 
and feet and in areas around the mouth (par^'S- 
thesia); loss of coordination in gait (ataxia), and 
slurred speech, ' " ^ 

Findings 

The first Baghdad-Rochester joint publication 
was an inter-university prelimina'^ry report, which 
was published in Science, (Vol. 181, July, 1973). 

In this report we described a perspective of 
the present and future studies, whiqh can be 
summarized as follows: 



• Observations on and correlation be* 
tween the effect of methylmercury 
in the population studied and the total 
amount of mercury accumulated in 
the body. Data obtained from the 
dose-response relationships indicate 
that the symptoms of methylmercury 
poisoning become detectable when 
individuals have accumulated a body 
burden of approximately 25 to 40 
milligrams of mercury. 

• Methylmercury was Identified^ to b6 
^the causative agent of poisoning. 

• The concentration of mercury in blood 
is the best indicator of the body 
burden in people exposed to Ihe 
poison. 

• The measure of mercury concentra- 
tions in consecutive segments of hair 
samples is the best means of re- 
capitulating the history of exposure. 

• Our observations indicate that haz- 
ardous amounts of methylmercury can 
enter the fetus in utoro as well as the 
infant who consumes milk'of a mother 
who has eaten contaminated brea^ as 
in Figure 8. Methylmercury is trans- 
ferred into milk at a concentration 
equal to 3 per cent of that of the 
blood. 

• The clearance of mercury from blood 
may be accelerated by oral adminis- 
tration of D-penicillamine, N-acetyl- 
DL-penicillamine, or thiol resin. The 



fefficacy of these agents differs among 
individuals. 

• Only a small fraction of the iO\h\ 
amount of wheat distributed to the 
population was required to cause the 
reported 6,530 cases .of poisoning* 
Less than one half a gram of methyl* 
mercury caused poisoning of about 
100 subjects. This fact clearly demon- 
strates that the distribution of 73,201 
metric tons of treated wheat carried 
with it a great potential for human 
poisoning. 
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Weather modification -hail research 

William C. Swinbank* 

/ Director, National Hail Research Experiment 
National C*enter for Atmospheric Research 
Boulder, Colorado 



The basic incentive for hail research in this 
country, and anywhere else for that matter, is the 
enormous damage hail causes to crops. Damage 
runs into thousands of millions of dollars over 
the world as a whole Hod^abput one-tt1*rd occurs' 
in this country. The damage to propert^ is about 
20 per cent of that. jMthough damage is the 
basic incentive, the immediate stimulus to the 
present activity in this country has been the 
successes Russians reported in the l-gSOs. But 
their methods of evaluation were questioned 
since they were based on crop damage claims. 
People^ from this country who went to Russia 
came back- only partially convinced about what 
they saw. ' « 

Therefore, the conviction yrevv in this coun- 
try that it was time to carry out a properly con- 
trolled experiment — not so much to demonstrate 
that' it could be done, but to find out whether it 
could be done. This conviction led to the estab- 
lishment of the present project: The National Hail 
Research Experiment. 

Thk project is sponsored by the National 
Sciencp| Foundation and Is managed by the Na- 
fional /Cnntcr for Atmospheric Research at 
Bouldn?. Colorado. The project was laid out as 
a five-lear field program with a first sunnrneV of 
operatiV^ in 1972. It is a cooperative project 
coordinatnoij.-'Oxpertiso from universities, govern- 
ment agencies aqd private? bodies. 

The first thing we had to decide was where 
to carry out tho experiment. The obvious place 
\\3S the region of most frequent hail occ:urrcnce 
in the United States, r^imelv Northeastern 
C^'^lorado. 

Facilities^ Methodology 

FiOiifP 1 is an aerial view of our site head- 
qi.ailnrs at GrDver in Norihoastern Colorado 
co'^tnifTinc) Iho most sophisticalei and advanced 
arrrty of equipment for ha>l reseafch tl^at has 

■ S.v.nl'.v^t^ ai^^«l D'M innt^-r '^-■3. 
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ever been assembled. We have multiple radar 
facilities, for example And. unlike the Russian 
approach, we are carrying out ,a randomized 
statistical experiment to learn the effects of cloud 
seeding on hail formation, fn this experiment we 
alternate hail days on a random basis between 
seed and no-seed days in an area outlined in 
Figure 2. By measuring the hail fall on the 
ground, we will arrive statistically at an evalua- 
tion of whether the suppression technique has 
been successful ^ 

Now. the hypothesis on which this suppres- 
sion technique, and indeed all sijppression tech- 
niques throughout the world at present are based, 
is that, as the aif ascends, it cools. It condenses 
water and this walni is sfiared a^innq the avail- 
able^ hail foci in tho cloud or the natural freezing 
nuclei. When these natural freezing nuclei or hail 
loci are numerous, the competition for the avail- 
able water is intense and tho hail stones that 
are formeri are cOf rf^spon<iingly small As they 
fall throuqii th(} cloud, they are so small that thny 
mplt l:efore they r(\acli the rjrnuncl and form 
harmlessly as rain. 
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Howove*. if the fiatural foci, or freezing nu- 
cloi. ajo if?\\ in number, the competition for the 
av;iilabi|} ^\atcr is less intense and the number 
of hail stones formed is fevvei. They therefore 
am corrospondmqly larger. Those large hail 
stonps ^iM. 'ire able to resist the melting process 
and ftMch the ground as damagifig hail. 

On this hypothesis the'ofofo. the. evident 
way in which one would proceed to provent the 
MccufK^nce of these large damaging hail stones 
iS to suf)p'nmont the natural supply of froezirj^ 
'■^■jc'oi with artifici illy introduced nuclei. Tlie 
"^ost offic:fMit nucleus kr^ov/n IS silver lorlido 
The question of how best, mos* officionlty and 
frfM.iu''\'itly a'tificic^; fUicloi should be seeded into 
x.iouds IS addn^ssed in Fiquro 3. 

I'*, this srhonvUic vertiral rrr^ss-^f^r t-o.n of a 
h-\i\ stOMT^ the visual outlmfi of th(^ cloud is 
shown Thp intense interior part of the cloud 
as rpvealed by 'adar is shov\f> by the infrMnal 
f:a*-tc)UfS Theie is a ce»tain level of r eflf}ctivity 
^hat becomes m(^re intense" finlher into the cloud 
Th.'^ C'Mitral oval is the region of maximum re- 
()' MR? Hf'^re it is oostuLitod. is the 
h }'! qf^'^wth ]t) tho rlou{i A'^. updraf^ f^^eds 

th'> clntid f^M» only ^.Mlh air l)ut wi(h all the 



micro-physicai content that determines what goes 
on in ^he interior of the cloud. 

We inject nuclei into the cloud by flying an 
aircraft at cloud base in a very particular position 
on the updraft. This aircraft projects vertically 
a specialfy designed rocket at an altitude below 
the cloud where the temperature has a level of 
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minus 5 centigrade. We have chosen this tem- 
porature for technical reasons the best level 
at which to inject the nucleant. The missiTe each 
timo injects 100 grarns of silver iodidd in the 
form of powder so fine that one gram of silver 
iodide produces something like 10'^ nuclei. These 
silver iodide parficles. having been injected al 
this point i^nd carried by the updraftjurther up 
into the cloud, become diffused. Having got into 
this hail growth zone, they then compete for the 
■ available water. We hope there will result from 
* that competition a targe number of small hail 
Atones, which will then subsequently melt on the 
way down and reach the surface as rain. 

Tentative rindings 

In the first two years of a five-year field pro- 
gram, we feel it premature to talk very much 
about results. The bare results that we have so 
far achieved are from 28 hail days in the past 
7wo years — equal numbers of which were seed 
,and no-seed days. On the average, the hail fall 
has been reduced by 50 per cent on the seed 
days compared with the no-seed days. However, 
the phenomenon we are examining is so variable 
that the result has a significance level of only 
30 per cent. That is. the results we already have 
stand only seven in ten chances of being right 
in the final outcome. We have three chances in 
ten of being wrong. 

We hope of course thr.t. as the project pro 
grosses, this significance m our/esult will get 
Une6 down to something like the 5 per cent level 
so that at the end of the project we can say 
with a greater degree of conviction wtiat we have 
achieved. 

Tho Russians ciaim> typically 80 per cent 
success. And. although vv'ith no greater economic 
incentive they are spending some;hing like -20 
times as nuicn as thife country on hail work, they 
concpiie thoy do not understand how the success 
•they churn 's [)ronghl about 

We in this proiect feel that v/O must undor- 
st.ind--ifi vvp arc? succpssful — why we are sue- 
ri^55Sful Tho reasons for wishing to understand 

:\IC: t\M)-folcj. 

1 (f \\o. achi(?vo some success in hn\\ 
suooression. wo v.'ould find it unsalis- 
f iclojy as scientists to tiave donp 
sn/>-^Pthing vjo cUd not understand. 

? M.. prar:licaliy--if wp are success 
ful and wp wish to transfer our tech- 
niques to other regions whoro tho 



«itorms may be different in nature, 
we can do thi«t properly and effi- 
ciently only if we understand why 
what we Ifiave done has worked. 

For this reason the project has a dual em- 
phasis. There is an emphasis on the suppression 
that I have discussed. There is ar) eQ(/a/ empha- 
sis on ttie research aspects. We are carrying out 
intensive research on the natural behavior of 
storms, on the behavior of seeded storms sup- 
ported by laboratory experimdnts. Thus at the 
end of the five-year project we hope to have a 
much better understanding of why storms behave 
as they do and. if they behave differently when 
they are seeded, why they behave that way. 
Of cc^urse. we believe a better understanding of 
the storms might lead to alternative methods of 
suppressing the hail. We already have certain 
ideas but we can not go further with these 
unlil we get a better understanding of how the 
storms work. 

As a result of our two years' work, we think 
we can claim a small number of successes. 

We believe, for example, that tti9 very design 
of the experiment (which I think is what the 
Russians really wish they now had) is such as to 
lead to an answer to the question can hail be 
supp^ssed in the shortest possible time. 

The rocket that I Mentioned is in fact a 
major development. It is a spin-s'tabilized rocket 
that had to be made out of non-metallic material. 
This presented many problems. We think we 
have riow solved all of them and have a viable, 
new suppression tool in the form of this rocket. 

Again, we have managed in our research 
project to penetrate the interior of these severe, 
convective storms by means of a specially- 
armored aircraft, in a way that never has been 
done before. This aircraft has penetrated severe 
storms more than 100 times and has produced 
mformation never obtained before The informa- 
tion is helping to solv^:* some of the mysteries of 
wtiat has gone on in that hitherto-unexplored 
severe convective cloud. 

We have developed a rather sophisticated 
instrument for accepting tho mixed rain and hail 
that fails, separating the two and giving us an 
immediate, automatic measuro both of how much 
hail, and of how much rain fell over the area that 
we are trying to protect from hail. 

Lastly, the results 1 have just cited— torrtativo 
though they may be— suggest some success in 
our attempts to suppress hail 
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MANAGEMENT OF TEXAS COASTAL RESOURCES 



E. Gus Fruh 

Center for Research in Water Resources 
Environmental Health Engineering Laboratory 
University of Texas at Austin 

and 

Joe C. Mosfley, II 

Executive Director. Texas Coastal 
and Marine Council 
Austin, Texas 



The objective of this research project is to 
develop the methodology and criteria by which 
the economic, environmental and resource im- 
pacts of various proposed Texas Coastal Zone 
management policies can be assessed. 

To many, the "coastal zone'" might just be a 
narrow strip of land where the sea and the land 
p'/^y out their drama. To others, the term^ "coastal 
zone ■ may have other meanings depending upon 
thoir particular disciplines. In this project the 
definition of the term vaiies according to the 
policy that must be considered. The term is not 
limited to a narrow geographic area. For in- 
stance, the municipalities, industries and agri- 
cultural pursuits along the Texas Coastal Zone 
require nosh water. Also ma'hy organisms that 
utih/n the estuaries after spawning in the Gulf 
uf Mexico require a salinity gradient, which is 
dopojuipnt upon the freshwater inflow. However. 
[bo. frVsh water m the Texas Coastal Zone during 
tho siUTimer is actually the return flows from 
r.-ties. Such aB Dallas and San Antonio, which 
.ifO fujndiecis of miles inlancl^from the Gulf. 

Why uc) wo need to nssess manaqenlent poli- 
cies along tho Texas 'Cocistal 7unn"> Principally 
b»'r.ii;?(^ wo have cor^fiicting uses. many, of which 
i)f»nt^i i\p short-term impacts that rue undesirable 
!o a cor-sidorable sogmnnt of the public. Other 
us.^s \^ ivc uriKnown lonq-toini ;i7iplicatioris.. For 
• r^sSMf:fv ?0 yf'nrs aqo many bays and bamer 
isLi-d::' .'UorKi tho coastline wore unoccupied as 
sH.■^.v^1 Iho uf;por picture of F-quro 1. Now 
oojtinnr. cf son)o bays have oocn filled for do- 
vloprn'-^'^t of finqo'-typo cnirnuinity devnlopmonts 
.ifid the o.nnor islands aro iTinrkprily chanqod as 
{• in ho so^M^ if^ tho lov\er picturo 

!)u:in(i IfiPSf PO years, tfio oconnmv of !fio 
C-'asial / -^-'i' e^vtamly has honn sl.mulatoci by 
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these construction activities However, there have 
often boon detrimental effects on the commercial 
fisheries m addition to the beaches, the sport fish 
nursery and wildlife areas as well as the natural 
b(»auty of tfie coasthno. on wfiich much of the 
tourist industry deponcis (Figures 2 and 3). Furthor- 
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^ more, the dunes on the barrier islands have been 
destabilized by unwise .construction practices 
through the destruction of the sparse but binding 
vegetation that Nature provides. Hence, these 
dunes no longer provide natural protection against 
hurricane wind and waves. Considerable public 
revenues must be spent on artificial protection 
of Gulfshore homes and utilities (Figure 4) Sim- 
ilar difficulties arise with location of industrial 
sites, deepwator ports and developing or enlarg- 
ing navigation channels (Figures 5 and 6). 

Development of the Project 

How did this project come about? The initia- 
tive came from the public in the Coastal Zone 
and some of the elected representatives. They 
realized that large scale undesirable economic 
and environmental and resource impacts had 
occurred in the past due to unwise state and 
local policies and that without effective planning 
such impacts would occur more frequently in the 
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Figure 6 




future The state government was an effective 
mechanism for action since all of the submerged 
lands along tfie coas^ out to three leagues are 
state lands. A part of those state lands had been 
so^d in the past to navigation districts at one dol- 
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lar an acre. The navigation districts in turn sold 
qr leased the lands* to industrial^ and community 
developers at considerably higher prices. The 
Texas Legislature in 1968 placed a moratorium on 
such sales. In addition, the Legislature instructed 
the Division of Plannmg Coordination in the Office 
of the Governor to utilize the Interagency Council 
on Natwral Resources and the Environment to co- 
ordinate the endeavors of various; state agencies 
to develop a coastal resources management pro- 
gram. An interim report was due in December 
1970 and a final report in December 1972. 

Subsequently, the Governor's office requested 
the University of Texas at Austin to develop an 
interdisciplinary research team with significant 
experience- in the Texas- Coastal Zone. The team ' 
was given the assignment to develop methodology 
and criteria by which the economic, environmental 
and resource impacts of any proposed state pol- 
icy might be assessed. Following preliminary 
conceptual and qualitative investigations funded 
by the slat«. NSF-RANN became interested in the 
project as a model to be followed by other coastal 
areas. Beginning in June 1972, the state funding' 
was- supplemented by RANN support. 

Managing Scheme 

What has been the approach? First, ttne large 
amount of economic, environmental and resource 
data available for the Texas Coastal Zone needed 
to be assessed utilizing tools already operational 
in state agencies. Although some gaps would no 
dou^^t appear irv the data base, the interdisci- 
plinary team "undertook to utilize its professional 
expeiierice to estimate the probable trends. Such 
data gaps were to be detailed by the team. how- 
ever, so that the state would have a basis on which 
to decide on future research efforts. The assess- 
ment tpols were limited as much as possible to 
proven techniques in use by stale agencies, so 
that the implementation of results obtained by the 
mierdisciplinary team would not be delayed by, 
any necessity to transfer new technology. 

The Bureau of Economic Geology is a uni- 
versity research institute that also functions as the 
state geological agency. Previously, the Bureau 
had mapped the Texas Coastal Zpne in terms of 
approximately 150 environmental units based on 
their physical, chemical 3nd biological properties. 
An interdisciplinary team led by Dr. William Fisher 
of the Bureau considered these environmental 
units in Ihejight of both existing and potential 
major use activities. In this consideration. 34 re- 
source capability units were outlined. Another 
task force from the Marine Science Institute under 
the direction of Dr. Carl Oppenheimer further de- 



fined the biological features of certain of the capa- 
bility units — in particular the water quality criteria 
specific for Texas estuarine organisms. 

The Office of Info'rnriation Services in the 
Governor's Office previously had developed a 
stale input-output economic model. This model 
made it possible to estimate for a particular. eco- 
nomic sector the sffect of a change — not pnly with 
regard to sectors that buy or sell directly to the 
affected sector but also the indirect and induced 
Qffects. Dr. Jared Hazleton, an economist in the 
Lyndon B. Johnson School of Public Affairs at the 
University^ utilized OlS "software" by which a 
much smaller region can be "broken out" of the 
state model Dr. Kiri*g6fey.iW&ynes. a geographer 
in that school, develdped spatial population 
prediction ^techniques to estimate land use pat- 
terns within a region, particularly for households 
in an urbanized area. 

With the use of the resource capability units 
previously described, the locational effects of 
residential and industrial developments are as- 
sessed. . Additional impacts result, however, from 
wastes discharged into the environment. Or. 
Joseph Malina of the En^ironnr\ental Health Engi- 
neering Program obtained wastewater, air pollu- 
tion and solid waste loadings from various local, 
state and Federal regulatory agencies. Inconsist- 
encies were eliminated wherever possible. A data 
retrieval system and an urban runoff model were 
developed. In similar fashion. Dr. Frank Masch of 
the Center for Research Jn Water Resources 
utilized esfuarine circjiation and '.'conservative 
substance** transport models obtained from the 
Texas Water Development Board to dvvelop 
•■reactive Substance'* transport models. 

The Coastal Bend Council of Governments 
and State Plannmg Region, a 13-county area cen- 
tered at Corpus Christi. was selected to serve as 
a '-moder* region for the Texas Coastal Zone. This 
region's economic and physical characteristics 
are representative of the Texas Coastal Zone. 
Sufficient data are available from governmental 
and other sources to nninimize "data gap" diffi- 
cuJties. Local and regiorial agencies are cooperat- 
ing extensively. In addition, this region will lack 
adequate fresh water to fulfill its future demands. 

The following exannple illustrates the utiliza- 
tion of the Pbove-described techniques, cali- 
brated specifically for lhe Coastal Bend region. 

Impacts of Power Plant ' • 
Cooling Systems 

One portion of the project was an examina- 
tion of alternative public policies on power plant 
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cooling and growth. This was undertaken" early 
in the effort to do two*lhings: 

1. Domonstrato tho feasibility of this niothqd 
of examining alternative pubhc policies analyti- 
cally. 

2. Servo as a "cutting-odge ' for subsequent 
efforts by revealing the type of difficulties apt to 
be encounterc'd in such an effort. 

The analysis was? made easier by the fact 
that one electric utility services the entire Coastal 
Bend region. 

In Figure 7* the generalized analytical pro- 
cedufo IS illustrated with its six principal steps. 
Each step is nunibered ^nd the boxes summarize 



what IS done. Possibly the most critical, and most 
frequently overlooked steps are those numbered 
1 and 6. The first involves the transforniation of 
public policy statenenls into a quantitative form 
to trigger the ana'ytical procedure. The last, is 
the conversion of tlie afialytical results back into 
a simplified form readily understood by non- 
analysts. If these steps are not properly done, 
the chances of the results being accepted and 
utilized are greatly decreased. 

Two types of public policies were simultane- 
ously examined: growth and power plant cooling. 
Three levels of each were examined: this pro- 
duced nine combinations or nine alternative 
futures at any point in time. 
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The three growth policies were: 

1. 2PG — *'Zero population growth/' which 
assumed the growth rate would soon stabilize. 

2. CoC — "Chamber of Commerce" predic- 
tion, which was an extrapolatjon of past trends. 

3. Int — "Intermediate growth," which was 
midway between the ZPG and CoC policies. 

The three cooling policies considered were; 

1. Ci — Continuation of "present practice," 
i.e.. the same mix of once-through ponds and 
towers as now in use. 

2. C_. — "Zero discharge," which assumes 
that' by 1985 there will be no heat added to the 
aquatic environment by power plants. 

3. C; — "Constant B.t.u. discharge." which 
assumes that the existing waste heat load will be i 
constant in the future. 

After the three levels of each policy were 
established, it was necessary to develop technical 
strategies for implementing each. For example, 
various combinations of cooling techniques had 
tQ be devised to meet the conditions established 
by each policy alternative. Once this was done, 
it became a straightforward matter to compute 
the resource requirements and dollar costs re- 
quired to meet the conditions of each alternative 
future. The dollar costs were used to assess the 
economic and socio-economic impacts, and the 
resource requirements were saved for later exam- 
ination. The next, and final, step was the identifi- 
cation and evaluation of the impacts and implica- 
tions th^t these resource and dollar costc held for 
the region. 

The consumption of natural resources can be 
a majoY factor, as shown in the next four figures 
for the years 1980 and 2000. Consumptive water 
use is shown in Figure 8 and total water through- 
put in Figure 9. The consumptive use for the CoC 
policy in 2000 exceeds 7.2 billion gallons per 
day. In a water-scarce area, such as South Texas, 
this amount of fresh water may not exist, or if it 
does, there are other prior uses that will preclude 
its use for cooling. 

• Land requirements, such as those shown in 
Figure 10. rnay be a controlling factor in some 
areas, although In this case ample land Is avail- 
able in South Texas. 

Some cooling options consume significant 
quantities of energy, as shown in Figure 11 As 
energy supplies get scarcer or more expensive, 
this can become most important. 




Both capital costs and amortization of cap- 
ital plua operating costs can be calculated. 
Assuming that t[iese costs will be passed along 
to purchasers of electricity in the form of in- 
creased rates, it is possible to evaluate the result- 
ing impact on the overall economy. The key to 
this assessment is a detailed input-output model. 
Cost increases are entered as percentage in- 
creases in the utility sales row and these are 
distributed proportionally among all purchasers of 
electricity. A typical transaction table with the 
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oroce'Jure ^or gracing rate incrnnses is shown 
\n Fiqurf^ 1? The mcromontai mcroasn in tho 
cos* of ^Ipctric power that the morn oxpensivp 
^ cooimq t)')!ir;os will havo over the If^ast expensive 
policy. C-. are shown m Figure 13. 

Once these added costs ar(? passed on to 
trip siibseqiient customers it \s necessary to 
oostiil.ite how they will react to the increased 
costs 1'^ th;s study 't was assumed that mceased 
costs wouhl hP paid ffom discretionary income 
->r residuals For bus-rv^ss this includes earnings 




contributions to profjt. payments to stockholders, 
etc For houj^eholds it is simple savings 

Households, the "ultimate consumer,** will 
feel two pinches. First, there will be a direct cost 
increase as the monthly electric bill goes up 
Second, tnere wilt be an indirect cost increase 
as tlio pnce of the many goods and services 
purchased by the household reflect the increased 
cost of electricity. The percentage decreases in 
household residual incomes rf^si .ting from differ- 
pot cooling policies are shr^wri in Figure 1-^. 
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Figure 1 1 




Figure \? 




T ^.^^^s^l^f"•a th(.' Valiums vaMOnf^ cooling pol- 
ic t>s \nU) aoll.irs DCi f.i?Ti = ly ;)0\ ye\ir and compar- 
■ r^n !h»^s^? (jr^H.'ir fiqiirps to somp roquvml norn^ is 
n\:^.'^l \^''^\\c]\^\P'.^^'■)q. ThoR(^ coFts nrp showfi in 
r.quM^ 1b It IS seen th.H for the C, policy this 

:)nK)i\n\ to .ipproxirn.-iloly S74 per family per 
y^'^H -by 2000 (All values are m 1970 dollars) 
V\h.i.» th.s may riot soom line much to many road- 

tt jiist happens to oqua! the average monthly 
^•"it of al! f;imilfes in the 13-county study area 
In ::\y\t'r - otds rcc)u.rinq zero-dsscha'-qe on powof 
pi.)-.t coDlifKj or^ly v%oul(j cost thp average farnily 
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one month's rent each year. Obviously, if the 
same zero-discharge policy were implemented for 
all wastes the cost would be much higher. Similar 
anplysos wt3ro applied to \he many other sectors 
of th^ economy, and a number of other enlighten- 
ing circumstances were revealed.^ 

. The iiYiplications of the above results should 
be obvious. There should be a careful analysis of- 
nil possible implications of public policy actions 
before the policy decisions are enacted. This ex- 
ample demonstrates that such analyses are pos- 
sible and that theyjcan produce information which 
is meaningful to those officials responsible foe 
policy decisions ^ 

T 

Continuing Work 

The objective in the second year of the 
project is to evaluate the economic and environ- 
mental and resource impacts of three hypothetical 
but somewhat extreme policies on the Coastal 
Bend region. Subsequently, it will be possible to 
compare these impacts so that the public and its 
elected representatives- can have some quantita- 
tive estimate of the availablo range of futures. 
The first alternative assume?, that 1970 environ- 
mental regulations affecting air and water quality 
and land use would be applicable in 1980 and 
1990. Thus economic and community develop- 
ment would occur with conventional treatmerjt 
schemes and little hindrance to utilization of lands 
that are important to the productivity of the estuary 
or to agriculture. The second policy to be evalu- 
ated is somewhat similar to current laws on waste 
water treatment " requirements concerning best 
available economic treatment and "no discharge" 
except that the applicable dates are 1980 and 
1990. Other assumptions also are made so that 
the problem rnflects conditions- irt the Coastal 
Bond region as closely as possible. The third 
hypothetical policy is the "tape measure" ap- 
proach. What are thp impacts after 1980 if for 
fvwironmontal reasons no dovnlopmont is aliowP.d 
Within 1S00 feet of thn shorohnp? 

■Furt^^cr work will be aimed at developing 
rntriKi for a policy that allows industrial and com- 
fnurtity development according to the environ- 
mental and economic carrying capacities of the 
ff!qion The cafryinq capacity of any envifOfiment 
will dictate* the amount of chanqes duo to man's 
:iclivities that it can al)sorb without diruuptinq its 
' 'Coicigic:il balance. Thus, certain activities may 
i)p (iPtrnnental to an erTviromnonl But by contrast 



' F"uil r'-r'^'^'t r. .ivnil.-ihlp from thp Contpr for Rp- 
'.»..u' h W..il<'f np*.M)if( » 1 jMiv» rMty of Tnxa^- M 
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it may bo that a certain envronment (for exam- 
ple, a highly eroding shoreline) is detrimental to 
qivon activity Natural carrying •capacity be- 
come?s a baseline expressioir of Iho attributes of * 
ail environment or resource in terms of specific 
use activities. Clearly, the natural capf^city of an 
environment may be enhanced through engineer- 
mq technology in such a way thaf a specific 
activity can be undertaken consistent with 'an 
ecologio balance ^Management alternatives such 
as zoning or piohibltion of certain activities aiise 
o'My '/.hen tno natural carrying capacity is un- 
known or wnere the technological enhanc;:>ment 
s too costly to tho developer or to the r^:jq'onal 
economy In many cases, pubJic investments are 
noed^Hi lo makn soecific Gulfshort* areas suitable 
and desirable for further investment. OMen. how- 
ever the" question 15 not asked in such evaluations 
whethn these investments are ever 'recaptured 
by pubic revenijes (either direct or indirect) gen- 
erated *fom these community and recreational 
(i«-v»*i(^pfrents. 



State Utih'zatfon of Results 

The state has utilised in vanous ways the re- 
siii'.r. var.ous stages of this research project. 




- The resource capability ur^it concept was es- * 
pecially helpful in support of one of the major 
uses, the passage of state coastal management 
legislation. . Another was in the evaluation of 
alternative state energy allocation policies. The 
Texas Offshore Terminal Commission ha6 em- 
ployed elements of these analyses in its evalua- 
tion of a superport for the state. Currently, the 
Texas Coastal and Marine Council ic utilizing 
parts of the technique to study the problem of 

• fresh-water inflows to the bays. Still another use 
is that of the General Land Office in developing 
management plans for the state's 4.5 million acres 
of submerged coastal lands. 

Additional, applications are certain to mate- 
rialize. It is instructive to>empha5ize an important 
point. To term the effort a success it is not neces- ♦ 
sary that all of the techniques developed in. an 
effort such as this be utilized on any single 
problem. Except in an abstract sense, the insti- 
tutional realities of* the world in which we all 
operate in fact invariably preclude "compre- • 
hensive planning and management." NevertVie 
less, having such overall analytical capability does< 
help a coastal zone manager to gain better per- 
spective and insight into what he is trying to 
accomplish. 
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RANN AND NATIONAL RESEARCH ' 

Dr. H. Guyford Stever 

• Director 
National Science Foundation 
Washington, D, C, ' 



It !S a pleasure to be vv^ith you at the mid- 
point ot this ..important two-day symposium. (I 
notico that niy remarks follow sessions on disas- 
ter mitigation and ofwironmef^tal threats — two 
subjects that Al Eggers feels should be discusseii 
t')elofO every good dinner.) ^ 

It was alriiost four years ago that a new 
program, with the unlikely acronym of IRRPOS 
.^.nrt the unwieldy title of "Interdisciplinary R^?-^ 
seiUch Relevant to Problems of Our Society. 
was horn at the National Science Foundatior*. 
Not many mi Washington or around the nation 
fieraidecl that birth wHth much fanfaie. And even 
if) the Foundation there were, probably a good . 
fTian/ raised eyebrows upon learning of this new 
'er.eaich upstart with the strange name. Well, 
th \\ v/as four years ago—and from what we are 
c;et^'nn af this symposium things have changed. 
If^ s.iymq this, however. I am not just referring to 
rMo growth of the orogMm ana its nvolution into 
RANN— Research Aopiieri to National Needs 
Tha! 's a s*0fy well knov.n to you. 

Wh.tt has haopene.'J- -and what is of great 
■ .'npor!ani;e to this count.^y-- if^ that m a periorl of 
'e.ivitiv'eJy h^w y^ars wt^ !i.;ve leHiscovcred and^ 
bocn,'* ^* put to w-)iW ai '-f.^'A ways an'! on nov\ 
n,' 0!/'<»:ps. •••^ ;i 'lare^^ !hat r^»Mved ws^ 

<\ ^ in t^.'? r^ast Thos(; fOK;os v.^^ know aio 

sr .PHf:*-^ a.nci tfM^hnoloqy T[^nse nf.\v fUiiblems 
i . -r^Mpq I iKjtV !h m f^vnr. 'B'l! '/ah thi^^^.e 
'V'V. V. ly.s I rf--^><K'nt- v. e ."'^ <v>\h} \<:\ mi^ot 
tMr- ('^.:m1-'^mis :ii.'.l ^U\\\ wa^- IM^.-n sa.''('^»ssluliy w 

World Leadershifj 

\\ : ^,n'-\\rA] Wv.w I want l'* liy tc; 
|:-.a pt T^-pf 'i vJi*.'-!^ t.laivi ;in{li w^um^* 

•/.I' a--" h♦^1■■!^■w} ..f^ ipp'y.nq s. ;.-.nr»-^ .ind ^Of^hno! 
aqy !o ;!.i!*o-^..il in.^iuis Ir^ oo t.^MS I h»^lievp i! 's 
f^"o»;Ssa'v n'ak»" c:lf=ar at t^^e outset (h.il this 
•a.'-uf^tjv ^.ti'l ha^ I Mealthy arvi po^\offiil staenco 

mcl ^."•^^n:'k■c]y capability It {rur^ ♦h.it n fPCtUit 
YO..<'. thcif na<^ bafv^ t.O'.^aM^- CA'fT t^n: otowtti r^f 

ts M]:.'n.>M A'-<1 *AP hav<^ h.u! S(Mn»^ rm;ir}rrr- 



and priorities involving tfie various fields of re- 
search and development. But past stringencies 
and differences notwithstanding, this nation is 
still the world leader in science and technology. 
There are few fields of science and engineering 
in which we do not excel or could not make 
•significant new strides should we turn our talent 
and resources to them, 

I do not say this as an advocate of some- 
new kind of science chauvinism, but because the 
facts bear me out. And it is time that we reaffirm 
our self confidence and self esteem in our sci- 
ence and technology capability as an essential 
first step in moving in the direction we must move, 
in doing the job we must do. 1 believe strongly 
thaf we can do this and that the nation is going 
to depend on science and technology for greater 
tielp in the years ahead. < 

New Demands 

Before turning to how we are at r^inplishing 
this, let me say a few wor^s about *he new de- 
mands being placed on us and their significance 
to science and society. Being in the midst- of 
rheso dou^'inds today and hearing about them 
individually a<; we do through reports in the press, 
in our offices and from,')ur friends in the field, 
we get the irripressicn that we are being bom- 
barded with a series of individual problems, 
coming as they die one aflcM: tfie other, heaping 
iMrUjIt on injury. 

A ciograrled (environment 

An energy .crisis. 

An ini[)onding materials shortage 

Rising food r.os*s. 

A slowdown 'n f)io(luc:t!Vitv growih. . 
IncfOvising competition from abroad. 
Urban pfoblonn^ at home 

The list !~^eenis endless, the problems unre- 
! Ui^o. the chailf^ngo.s insur mountat)l(\ They are 
n.ofv> c)^ th»?s:"' Tlie piot^lerns. while intensive, 
Cii!) ho rlefif^Hl and thc.^ rf-l.aior «;hips t)etween « 
lh''ni d'\n\n .Afvl mnra nnpcirlar \ thry on bi^ 
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solved. Qiven tho will and dodication necossary — 
which I think this country /.s capable ol fiujst^i/ncj. 

II IS paMic^ularly urqofTt thai \^^' QKasfi thf? 
biq piclute of what is takirig piact? today, and 
that the public be mado fully aware of it. iust 
as it is being mado aware today of one ot its 
aspects — the e.nerqy dilemma. The public must 
be qivvMi information that will let it realize that 
Vvhat ;t is soeinq as individual prooicms arc also 
symptoms of a larger problem wo must be geared 
to face. Thai is. that our rapicJly qrowmg tech- 
nological civilizatiori is nov^ a huge complex 
system that, in its present oporatipg condition. 
IS straining its environment and overtaxing its 
available resources. 



Limits to Growth? 

Much Will have to be done by science, tech- 
;;oioqy. iriUustry. and governmental and educa- 
!ion:n institutions to revise, foadjusl, and re- 
vtialt^e the syt>tem if it \^ Qc^'ng to survive and 
tu'^iciion smoothly. It ;e not that we are. bumping 
up against the -lu^iits to growth. But we have 
reached many of the limits of doing bcisiness in 
thp same old way. If we wish to grow and prosper 
from this point on. we will do so mainly by chang- 
na many of our' ways technoloqically and so- 
ci-.^loqically. For. ultimately growth in a closed 
system — as we are fmally reali/mg this planet 
earth to be—can be accomplished only by a 
cr-fKii stretch of human creativity and coopera- 
!;o:i. by Expanding and applying knowledge to 
;1a rr^o'e and more \\ith relaiivt'ly less and k^ss. 
nv im:)rov.na effjcier^cy. eliminating waste. <Kid by 
qfiMtiy ftviu'CiMf^ envif or^montal imr:)art 

To accomplish tnis v/ili rpoui'f- ncA iwily s-q- 
f'{\-iMt lochnoioqicai advances, but a substantial 
^jP'..ig •"(^vjrqani/ation huniar^ "ir.tivily — 
■* M.jr li-s-'tu'-^ns and holi.i^/ir^r The ^'SS'^ice e^ 
i*'--"^ ^ that A/f' HHiSl leLiff> 10 a^-Hnaq''^ cnj^ncje 
[•^cn!^':'Of!if.;.ii onvi' on'^u"}'it w'» M,we f*realt.'d 
•i\tt' this h-qhC' cir.qir^:^ ad'ip!at)iiity a:i'i 

••■■!" ^ ' i^-,* v.Mf^i'^'-.S Tl».^ r.'riPMf fVifrqy ^-^l 1 1 M t ' 0 ''i 

•<no.v tn:\t *ho^<^ 'n*^ ''I'lfiy [.'."m 

f'd th )t t^elipf. ;)ijt J bf-hn' t) -ai-!! 

f '-v. I'f^ -rJClHUM ^<i\'? f')' ^ M'?-y d ly ,]•<, lo^f] 




Earlier today a reporter asked me. how it was 
that the cneigy problems sprang on us so quickly. ^ 
! was proud to point out that three Science^ Ad- 
ViS(Ms aqo an energy program was started, and 
a book published in 1965. Almost eveiy A^ord you 
hear about energy today is iri that book. Two 
Science Advisers ago. a second group started an 
energy study. The results, now coming out in 
Darts.' are qr'eatly affectinq-the current situation. 
The fact is t^^at somehow we failed to get the 
message across in the sunny weather we had at 
that tTme. 

Interrelationship Evident 

Fortunately/ we do have people and pro- 
grams that see the big picture, that recognize the 
directions in which we must move and move 
rapidly. Certainly, a program such as RANN 
fosters an^ awareness of this:* It may be con- 
sidered as one pioneering ef.ort in combining the 
technological and social factois necessary for a 
new systems approach. 

The BANN program recognizes that while 
the problems it is dealing with — such as the 
energy, environment, and productivity situations 
being covered at this symposium — are not new, 
they have grown to the point wher& the interrela- 
tionship ''among them is more evident. It recog- 
nt£es that there is an interconnection of tiiese 
and other problems that must be met by a better 
r.oupiing of the forces ''"^f science, technology, 
and society. 

Let me turn now to a few thoughts on the 
.'approaches vve must take to put science and . 
technology to work to moot the vast range of 
challenges thai facr us. Just as we are recog- 
Di/inq that ttiese challenges are related, so must 
■vVf> begin to lecogni/e our resources and capa- 
hilitit^s U) tioal with them as related and 
supnqthon their relationship This has been a 
'V.ror q(\'^l of r^ie RANN oroqiam /ind :l should 
\H- '"nph.jsi 'd rnrwr f hi ■. n tfifujut c;(hmu^p ,-\r\{] 
<;:)V'vnment 

Breaking Barriers 

We must hiO'i^ d^iv.n s(.>mp of the sei^.nation 
UmI ha5> f?xistfvj l)fMw>'On lvr;i(^ it^spj'ch apniiod 
f ••^~.t\'irch.. ClPvi.iCJpniiMll. and tnn putr:^li<^i u.scMS 

• >* tfi(^ knowledge jr^.d know how u^SPai cti and 
. h Mopf'^ppt g(MUM ales 

As 1 loOK 0.":f:k my assori.uo'! with 

[?'oh:^Mnc, ni srinru 0 Irc:hn-.*)!OCiv 'n oni colj^' 

ey I frvMk Uiivu^ {h.il mv fri.-nds -iful I vyei^ pioud 
'jr- s:>fTu» pari 'f vvijM- ( )!il(*"ns fo^ wh'Ch we 

• -ir-:<\ '.\■ 'lyi^ oi [ i.f " ji.'K] I sn'UuM I' lSir n jstviudi 

i ■ 
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applied research and development* and the users. 
T[)e examples I recall best were the space 
triumph nnd our succossos \n sonu? of the mili- 
tary fields. We must do the same now in some 
of the new emerging areas of national need. 

We have to create a belter 'flow of informa-^ 
tion, to bring the diverse forces! closer together. 
For example, our universities anb colleges which 
fiavo alvvdys beeii uur iiMjOf ruSouiue fOf basic 
research should. I believe, have greater direct 
exposuro^lo the problems of industry and the 
public .sector. The motivation for this on our 
campuses is quite strong today. 

Let me *tell a little anecdote. When I first 
v\ent as .president to what was then Carnegie 
Tech and now Carnegie Mellon University, the 
movement was growing on campus for associa- 
tion more Aith the emerging problems of national 
needs. Qne of the first meetings I had with 
faculty members was v/ith a group that wanted 
to start a transportation center. They had wonder- 
'li' ^deas. VJo talked at dinnor and oth(^r meetings, 
ar^.d ihoy expounded these ideas. 

I said. 'You've convinced me. We will set 
1,0 tne center. Which one of vou is going to 
run it*:^ Which one of you qo;nq to change 
rrom youi current ways?" 

Of t^^e poopio with \hc wonderful ideas, none 
vc:;.'i/nteof^M And I said. AVoH. th u s the missmq 
l-r'^^ \\hr'\ that h iOpens- -/.e will spt up tho 
T^*!''.tor 

A ycMi l:i!0'* ""00 :)f t^v.-^'T") ::iin^o ani) said. 
••^\Mv to move • " 

'•,V*-» se! <v.p a center has n^^^ome ou'le 

:i su;:f.PS'^ it loC'*"^ that. ho.vt^vfM in onf iinive?- 

p:^.^ Ihi' :» t'V ■• jO^it srHV'^ th" n' -: !*"^' [m;* i!' 



Moves Towcird Involvement 

' tMjt'\',^' [!^'-r.' ,if''j :v-'"' h.jV'* |h..' 

■" ^' . ' i*' n.]:* ■■■ >*■- I'. ,st-v Stat'' 

r-'i ii oo7-..'r'v^--" il !.* c;»'! !.\';':th'*{ to srn 
V . I [■ . }:-■ •! wh^ s•.MV'^ rM');;^ -f . it r> ' '! / -'\tc n 

^ss.;r5j*-- 1 A-^n ^^AN»\ Mis d--'" r:tiv'^ lO'l 
•'Mt i"y ■ ■ut'-fir-s'^f I }1 «n ;'iO'*'^J ^.M^MMCMits 
'on-.-th-'f ■ fi: '•{■.' a* ;''.'} .1 i^i'w .l^'O'^'^t^ o^ ' 

il^»^fj*. M M*>''-T' F^l.'t !;r*'y 'N-iTh 

r):\'C n»'' ^l-; ? : *U:'-'' 'O th;<^ : r.'v *-'mi :W» f ir 
• \ • 1- f (•.* K-' . .\ It ■' I'l^ • I*-, tv 1- ""'•-^lO'*'' 
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In our academic and industrial communities in 
terms of how it can be applied to our national 

needs 

Our Federal laboratories represent another 
groat scientific and technological res.ource that 
we could use more) effectively to attack a wider 
spectrum of our domestic problems. We have 
begun to draw on them more heavily tor work 
not directly related to their original missions, 
but for which they have developed excellent 
capabilities, 

One action of the Federal Council on Science 
(ifHi Technology (FCST) is to enliven the Federal 
laboratory committee. Dr, Richard W. Roberts. 
Director of the Bureau of Standards, has taken 
the leadership and we are looking forward to 
great progress there. As you know, the great 
Atomic Energy Commission laboratories have 
made outstanding contributions — Oak Ridge and 
Argonne in the environrpental field. Biookhaven 
in biomedical advances, and the Los Alamos Sci- 
entific Laboratory in geothermal energy and tun- 
neling A similar situation exists m the contribu- 
tior^s y^r- are receiving from NASA's research 
fac'ltties and ihoir contractors m the /aerospace 
indusMy. 



Sociological Fix'' Needed 

It 's interesting to note tfiat some of the 
c.)'-^f tbut.ons of the aeros[)ace industry are not 
jUSt in technology transfer — in fir^.ding ways for 
f^-'v.irMv to m:iKe use of space hauiware and its 
sf)!'v':ffs--but :n applying systems thinking to 
p.-v,,ronniontal and social pioblems. There is an 
o'n.if^.u^! lo^jsnn [u':!fe— that sr.ienco must always 
v"\'.e.i a'"^'j accepted m a tvoadnr contf?xt 
it of a means of ruo'iucifiq knowledge 
r,U' U-spn Do translated ^nto technological 
r. !v. iio Tfic qfcwin^q soM-.v im s-.dn ai science 
V t)-^ f ^'n|-h.'isi/f?cl Anci ipt/M* po'ifiK' must bo 
o.v* n !hp mfoi mjition that v.iii fieip' th!;m mali/e 
'>Mt S"^'.*^ K':o,il scientific soce'y is f'fst and fom- 
rv ^<* hi.finn f^ocicty m wh^ch' ration.il thought 
*h \' ;'^*'';onr:ps human activity pfoduces 
\:ijVr.\\'!}'''r uM.'i/'CU' 'S |USt as Mnpo'Vuil if not moio 
s( !' ' HI r^ie lochnological foe ' T rvq LMoader 
.ruHv. .«\ !>y ?h(^ Vv-.iv was the essence of scientific 
rf. loh.i li '-n t^pfore scief'Jcn br-ram^^* so closely 
*:>m{ Im tPchrt; ; \qy Wo know now that much of 
!• w^'SS I I tho futuft-^ wjil (inpenJ on tho 
S''^ ''i'-.aioal i*x —on f'anririq out tho most bonn- 
i! f iu:nan rpsoocKT^^Ho i {)foblr-m and ron. 
. .Of'q oritnj • pofiul itinnr; - • to net 
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W-*.": h iv»? siu-^n .1 nu.'Sl in)i.')orla(Vi f.-xariM-'ic of iphjbiiily. and tin: (ugliest suuK\uds of qutility 
iS tj{\:ng f.Itirr' -- ilih. ufjh ptrfiaps r,v;:nr.vhal iff Mc^t niorC'ly tH^ononiio ottrai. but vittil 



: . j..tf , (): ( - ^.-S' -. ti- :- ;OiS ^v.: : .::Oi>' ^: .it 



r;:::. k . [t ;.}*i^'Uj fr\i! thc'ir /..i^ ."1 



Nt:(l»\n f^ov\(.';{''l.'Uil5^. hiqh ?ipnfd ir;inspprta- 

ttit; fir»vv i!trhir> lli.it we- will bo liviriq with and 
ti<1i)''f:ciinq Ofv that demand a new degree of 
df^prTUiability Socioiy will bo couiitinq more and 
I '.■■'■\ <.r \ . f MM r•»vl^i,'^■) ;;i*:U'? !iV?' ["'M-^rr [Uo Priqirvu-'M aiuj inoiiiUfy fio works 

■ ■i:? la an V.I' fi.ivt' 111 :u;r a'i;v<^i mtir-s. ^ -.vitM t-j leduce tho rnarqia f:a M.'-ir to tianslntc 
*' . : ''a a \Vt' alsj^ li-anann !aa (jr;va hi:m:i<i f)orfpctilv}itv !!-it\a. oar tech- 

A- -a.i'.*- :jt»:.- ■ ;::a :'^-^^t';n ^o^.h- nai ^nif il systoms. 



I' I.-, a*' "iv'a,ac" a a-.(\ a(S-.Mf;\a'.'^Mri 
'■■'Wn^ :..\\ 'f?ipM, jc;. -hi?, pt-)i'V 
. ; -a-'Viv a-r-t' :i.'t^ ".IsMS. f^to.iiirts 

♦I'-'.' .ta^ ta i! roi.-'d a'^valaabl'f^ 
■a \\<- [.nh\ maK»a A -vau'r ^a^^k 



Aqarfi ^Af? cafi look back to some of the 
'•;a'.- ("«'S<^as or tho nast. oruticulariv in tho spncc 
o:on:am la the early ^days, when wo calculated 
tho P'''coss>Hy reliability of somn of ^ho circuits 
:ir.:'. (v-;a«p(.rn^.nls to qet thhS coaatry to turn to that 
. . .■■ . .: (la a^ ationaat to qo io tho mcK'n. ?;omo of us 

\'aaa ovO'^v/holmiagly di<>aouraaod. Yo! ifi a Short 
!'a;r. v..^ r.:)\ that rehabihly m ^'vofy '^ae C)t those 
i*!!o rMits. 



a^''t a:^v■s a' b-aa ta.- 
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New Age 

"' '"^^ ThOfO a.'o. (^f coLMSe. some who :ire cori- 

Oivno'l about th^'? ^V\7e .'Uid rna'^aqomant of those 
Three Important Themes -.vs^•!ns tod.iy and h-^va oxoit-'ssod the foar that 

I- - .^ ... ... H... ^ . V- ■ "■ , ' i>a ■ ^^^""'y becominq too lar.ie and unwieldy. A 

•pcaa-.tly publishad book The Coming Dark Age. 
y.-'^n 'aakes the ca'jse that th»^so system? will 
,. - !a tac ak acHN.'* in p-at Ipo f^^any years with 

■ 'S.\u'.\\\ 'p'\alts f'.a thp ma^.t atlv.'uicefi nations. 
>.^. '..-iM.- .-.f !Ma,^;p voiy raiHcs p\iy lai nfimn as 

^ TV- ^-apiny fa. .SIS ipprcia-" has va". [-^.il I do \^o\ 

aa- e !h.s synn.^osaim "VjiaaNa^ alonq with 

■ 'a a- ar -"ur aotiv.tics !(*aay. ! Hank we are 
-a '^vi aa!'^at: il nra!i!-^Ma^ oar svsleais pose 

' ■' :a- ! ' 'a.iK^- 'Mr "i^'aS'' 'a) ' ' » f t ■ or^s 'A all in 

: a ■■ ■• i.-'ii'-'. f'.'aa''- ! lhak 'W a a'' i.ii 

; :'P :i J a-.;M , ■ pjiqai h -.VP pPf'^a ja thO 

■" ^ .- .1. .. . r]a.fa* t '■/'■a la^ aal a'a^;,!^"'^^ 

' ■ ' ■ ■ .7 Ui ■'. ' . ^i; / b ( ■ a. . ^. - t ;.- ?;>! 

.... J , . . . .| ,r:. . 
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Mv f^i- »»:^vi; )!'v- m: 'f^ not fXCroii r-i j -^Mit but rt) 

I- i I -u-.. .1-.^ ...^ ;m varyifiq dPornns m v;tMO:ic. n u?? of tf'^n 

' ■" \ J " ;.\";'ir Ny .-c;c»n1o niOf() sonous'y tfiari others. Bill 

■■fv?';jv -.-^v ^■:^'!^Y ri-^i> ^ V:k1 a voiunlnry allocnlinn ,ornni.if7i and \A..p 

.\ .. , .. .1. . . . . . . .... . .... v*.vr=t^ t[HC.U'in wilhoij} skmk'mij; <:isf untirnv 

' a : : .- . .m ■■ .! I' i.::i-i'a ^ihoad Id W'. r .v.f'.-. aiKi tht*^ 
a':i ■ ■! a • ■ ■: . , - a f.^'- hoalraci o'l ,r^! tha aha? rni-idla 
■ ■■ ■• ' ■ • - -■■ i ,M 'M-q • ; r: ■ . :■ ^''li r!- ^ii^^S'- u'nl je- ^J' ! a:d . u;.^po--^V'■■ 
• ' : : : . - ■ . . • ' - . . ^ i/' !: *!'• ::ita : ann -M a^ ":'' a^' 1 pM>: >! i' \ '!h'*'>n 0V^« 

: . . . . a^.- a . ' ' ' -aa ; '..v. :r' l.n^!.^ a la i;v iMflfnP:a 

.: i • •■■ . \ ...i- ^. , . y.t '--a -j a'-lrva'V i!'d ' '"-i ■.i::>ri;..j by th-'^ 

■ . . .. ^ .. ........ ■ ■■ '""^V -..ia.' lv a-:; ^^ i\);)k 

[..... . , .. .^ . . . ■ ! ^* -'jt -^a th:a li.iv?- !>-f^a poifnps 

■. 'i- a '-aO.t'Oa ba'-ols i ;/ .!-^ a-o^i 

■ ■ ■ ■ " ' ■ ' ' ' : ■ I . ■ . ; ' ■ ; : ' i \" : ' " 1 : f » x . s ! f . 1 M ^ j i . - , . ' ■ ■ . 1 1 > a 1 r > (} n l » • 

. ■ ■ ■ ' ■ . ■■ ■ ^.^'r 1 1! ibPai' la^'*; ^:a\p 

: ■ ■■ ■ ■ ■ • ; ]■ .\f)-. i;r| Ml-' iv »^", .jala \\' 
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.■w^' ■■■^ tht; fill i>f tb{\..)ii cor!n)jn:oM J;^tianciely 

■'^.•.•i■vO^ VA. .-.oLihl put Ihpfn .lil Ifi j.iH .u'iii 

ih'M") Imve pitMny vff f^riPigy 

^' ' '"^ ^j • t'V "'' 1 Thoir UP :!u)sf^ v.'ho say tnal ;^ n;. ?;impiy 

" ' • * ! . i Cy. J !■ i f 5. ■ : "^i ^ \ ' t*M' M'-.^Mi ir-t nt th. w7*5Y'^'jf^'^l^'i'.'l! '^^AvonTont Th'S 

J" ■'' '") .s: :,,^f \f^j.y piino'. Tn(.^ f."Wi oofTicntnl {nov(>nient 

' \ ' ' ' ■■' ■' , ' ^ ' f' v^ij! f(""S^^uf cr.s Ihn! fs tiu(?. I have .-i story 

\ '■< * . J.. :;;i;^^^rjfp ih it M-)St^n lt?:ir!!iiC3 \hc Jr^ws out 

[:oypt Ctirne U) thv IVd Siti. Tfio Lord oppnaied 

. ft 4 I . • I • • 

'.'ii --tui. tvuj^jf:;. I Mvivc tjuilu." Vl^'^^^' ''■'^■Wij ciMd 

nt--A? F.wsl iho Qood l>?^^'S I irim qoing 
t? Och; rnr svoti-is of ihe H<-k! ooa. I; .tm qomq 



V . 



■ ■■ ■ ^''-^ ..■.-■.i t' ^'i.:::^ ^.' Jj'ir.o tho w.itots ot \ho Rotii Sen back 

'V., ■" ' ' ■' ■ ' ■ ■ ' ■■ ^ ' ,..;■,) '\rc\\'n Ihc^S'' o^'OpU' ho WO chasiMQ 

> V . . 

... . . . >■-.•• .■ s*-^^; s.i'(l ■ .■.()r^fir-[^'i! LOfTi Whr^r's 

■ ■ . : . ' \ ^ A'^-.i Lo-J s.ti' l. F.^ sl. you hjvo to file 

:. . • -■.:]•'. '. t'"- ; ' . t ! ■ ' c vi ' f Ml ino ! ui mp;tct siiltoment." ' 

" ■ ^ ■ '■■ "■' So cipl.-iy =s ''■o? MhATivs 0(^ssiPlr ^ Bl.t Iheio 

' ■" " • >. •\nt to . go dfourul. Corla.nty tho"^ 

■ ' ■■' ■ ■ ' ' ■ ■■■ \i 1 0 .)nM"jfiMie s aivJ t.' vt^ y i:)0cly 

.... J ■■ ^ • . ^ . fv:! } !ho !hinri vnu n»uM:j t^^ uruiorstanci 

.. . ■ . ■ -. i! f'^. j-.is»' h.is LO'\n Ih'^ ms.iiinbU^ 

- . .- !'■■■.!' ^: t -pfov -^vf^' = no M\].^-i f I ato at 

■ ... ; : -'.iv .;-Tr\i (:^^^lq^y no! t^nly i.'i tho UnitPd 

"... ". , . ■■i . . .'•i/'^s :hf^ :i^:v^-i.-:r-0 v.ur'd. In that 

. ...... .- ■ h.'Vf ^-•.■itf! PionT' ihnt naybo 

^■''o - .v v- i'^ irn .ppiicaP'P v^h^•n ne said. '"Wo 

' ! ' I ■ ■ ■ ■ ! 

Cutbacks imperativ^e 

J '/ _ * ■■■ ; i,' ■■ * .^'v » ■;■ ■ i;< i-nrMOv 

' " ' ; ■■ ■ * 'h.- ■ ■ ■ ■ M-^o,;- . .-v; > » ; . ^ .^^ 

^ ■ . . " . . ' v-:. • , -: ■ . ^ P ♦ ..- 

..•.■.,'. = ■■■■'■."''■' \ • ' ? '.^ :lv - i 

•■^ _ ' ■ -. "J ■ i ! M •■i' 

' •■ V .^: f . ■ ■■ ' • '.'^i [ r [\ S 'tt j' .'^ ■'.»■ 

^ .'. js* : :< ■ tf ! ■ r--^ f • Ml :s ^' ;^ a hv 

•\ . ' ; ■ ' . ' : ' ' ' A ■ i • ■ ; ■ ' ■. ■ ■ : ' f ( : ■ • : i;i i ; . " 

■ • ■ ■.. !' ■'!■■'.■■.! ; • : ? ■ ■ ■' r i ■ - ? Pr-' i 

; ' • ' . " . -v.. f > ! '■»<..■ r.irP 



There are domestic solutions — each. involving 
Icc^ci time. The Alaskan pipeline, three to, four 
years. When it comes on the line, probably not 
mor^^ than 5.000 barrels" a day. Tremendous co(\\ 
reserves. We must develop necessary investment 
and logistics to mine that coa! and transport it— 
gasified or liquified — or burn it cleanly with tech- 
nologically satisfactory stack scrubbers. Oil shale, 
a! tast beginning bljt a fajriy long lead time. Uev^ 
rci'\r.or/ tapacity that taknr, at least tHree* years, 
to build a new grassroots refiner/. Increase in 
our nuclear power Geothermal. Sol^r. Uiti- 
iTiately. v\e believe, fusion, but probably not before 
1990 t^^o year 2000. ^' 

So. I thmk it IS true that at least for the next 
thieo to five years, we will net see any suostantial 
•incjoaso in the domestic supply of energy. This 
means we wiM have to adjust our use and demand 
•Of (^'loiQY a fairly flat line. 

r ^ 



American Challenge 

Ih's ;s cjomg to take changes in t ^jruach. 
■ n lifestyie. perhaps jn ou; economy, in order to 
maVe it work. They will nol necessarily all be 
painful or for the worse, i do believe that if there 
ts any kifvj of problem that Americans historic!illy 
have bren anin to copr^ with, the kind of chal- 
lenge pr^fsenteii here is that kind of problem. 
The technology that needs to be organized and 
brought to the task is particularly the kind of 
thing that Ainencans deal 'with well. I am sure 
t'-Mt it o^in be solved. 

Maybt"^ not 0'> tht^ basis that wo can find a 
nf'-/. *'f.i -n v/^^;c^ \vo can d^'juble our use of 
t':>'-*ny f^vorv V? or ].S yt-ars Hut certrtinly on a 
hi?..'!, th.i! will pjovicif^ leasoruibiy and adequnlply 



for the kirid of economy and "'^Ife of' society that 
we need. 

I certainly subscribe to t^e 'goal that the 
Prosiderit has annqunced--Operation Independ- 
ence — that we become strategically self sufficient 
or have the capacity 'for it l3y 1980. I think too 
that wo have to look" at the broader-range prob- 
■^■^ms farther down the line. . . 

When you look at the Petroleum Era. if I may 
call it that, in the broad sweep of history, it is 
really a very short period of time. From its dis- 
coveiy in Pennsylvania in 1859 there was no 
major use of petroleum until about the time of 
World War I. Since then it has escalated at a 
tremendous rate. And from the forecasts I hear., 
it will not last, in its conventional usage, much 
beyond the second or third decade of the next 
century. So. in the sweep of history, we have a 
situation in which it will Jast about 100 years, 
during which we have built nations and economies 
on a series of machines primarily fueled and 
powered by petroleum products. In perhaps a 
Pollyanna sort of way. it may w^ll be that a favor 
was done to the United States at this time by this 
challenge and this crisis, tt is high tjme that 
we get on with the job. not only for our national 
and self-interest which obviously must and will 
cdmo first, but in terms of the relationship be- 
tween energy and development in the nations of 
the world. We have a great contribution to make 
down the line, in r^iy^ opinion, to devising the 
tech^nology that will make energy available in 
atiequato quantities not only for the United States 
but throug^hout the world. - ■ ' 

I count on all of the university and scientific 
communities and challenge them to bting forth 
the kind of solutions we must have — fihort. mid 
and long-term 
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^';.s*''.:'i Mi M'C- •1o''^'^.l»'^'l- 
Population Growth 

■ ^ . .1- )' ^ ' * .;, '. ;5> ^■' !:'■■ ^. O'r itf ^^t 

A}'^'':-r; •If "'*^ '.:! the- 

; • : . - i! ;r \\^^'-^ ^\ " r r;i, n'.tl: Hrr 
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All nntions must do tho job lonothrr Thr Or- 
v^'lopou n*U'ons ''an ho\vf^\or. pTay .1 hipf^ly i-'ii- 
portant folo l.'y M.Mclnna ^t*^u) [Kn^jl-iiif ■••^ n'mvUi 

hoi' g th.»» h.-s* Micn!lv ^.isN'.hvt d pip-foc^msiti' to 
!-)v.» ) Iji th ''Mo A rH?(^-'/i»t fjf Of ^^'^iKjioun /'Oa- 

!i\it -iplj;"!-.! '■'^ ■"i a -jii.i :[y ^Luvipomt r.u' 

S-'V*^ ♦ \*. ii-kM;-: a i- ■ .'n . '.ri . r! ■ \ 1^ 

■ :--iM-vt: l'-:- . .a: in .ul .-af 

!:>,■': > ■: ■ \ -'\^ -''' ^^>.s •Ai'i :f,c.;fi. Pal 

■• ■■■•^ ■■ ■; ■ * • i . ■Mf;--: 'a-; i 

s - i \ !,i'C>rt l! /.Im! 

! »■ ■ ; \', ! • ■■■ ■ ■. ^:n,''*? S*'-. • I-': 

J ■'. . A-;, • ^a' r*. 'x' ;a:v* p;^;i.j? -.■ 
a : ■ ■ V .*.-*a r* ' ^- : c:'^-.'\- 



Kood and Qualitv of Life 



roquiro :\ 300 p^r cfMit ir"!cronsp to provide pvofy- 
;a:o tht? current U.S. standaid [■scarishmont. 

M-ast aniituiUaro oxpoit?; bnliovo that only 
la.at.ra a';.a'^as'-s a an do obta![)i?(i ai ncac^s uacira 
'■'.ilt'VaiiOfV Fvrai v/ith .a 7 D-'hon-poopIo limit, tht^- 
O'av.-th \\\ (Souths to f'?0(1 \v\.)nld bo tho qroatost 
111 Pio hisloiy (;f ihe \v(jrld RotvvoonJ973 and the 
ya.u 2[)00 tiio incoaso >vauld ho 2:[)ll[ion. a SI 
^p'-/ corn gain in |usit P7vo.as To \r.c(\ thrar would 
a l.iii .^rr|!/( la. sipilo o! Hu- !frA pv^paialion K^vei 

Aaccf Mi'.q!v. I recommend that the United 
States officially dedicate itself to working within 
and through'the United Nations to help limit the 
. v/orid's population to 7 billion and to help insure 
that everyone in present and future generations 
will have a healthful and satisfying diet. Tho two 
a ai iai;^t •a*'/ ti^ciol.hor v, :'aPnot h.iv^- ^'^''0 

Economic Growth ' 

' a i laty !ai- f ai'?tM-t'as <a^ roi-.|,ii,^.y; 

■:■ V :"i r'\a;!i*; .■.= ■•■ \^vy r-'ri vaK fua 
■ u-'- w-.it;s:f;ai .w\a!ati.jri ti-gq.'aoci ai^ ov^" 
a i-aauaifaa" .'iCt.vty thai ara^roraal'io man- 

■■ : a'\a--- !--aaa 'no t^^r- ia ki^a ta htohnf 

■ 1 araa-a ^:.raa-,ja^ acj T'a^ IJr^aarl S^fa^t-*; 

:•■ : ::i {■'.'■. :a a -fj 'm.^ a aha^a aV'-'aac? lavf*') 



it will have mack} a great contrjbution. There are 
hniiia tci S'onie qrovvlh and not to others. To 
Know -which is which nnd how to cope with each. 

f'ar!ht.»r. to mako (jocisions today without assess- 
:nn tt}f»'f lor*i«;iTaMO^'* in^pact is foolhardy iiiclee(i 

The cunefU Cfu^rgy shortage is of crisis pro- 
o.r-rtions becaiise it thicatens the fulfillment of ' 
■nil nu^st i^asic fieeds, A prowmq energv imbal- 
a!M.'auy •v\as devolopifig before the. Arab 
■latiOPs t-fu'b(Hgo on O'i exports converted it tc? 
.1 K'ovv »t :s osS".it:/il that w'e lake enier- 

(^•'■Cv :"rw*^as'.i:es siich as the Presicient has re- 
'.;u^\^.!i*'J. io cope with this criSiS./ We need to 
t-.; t^;-^ oplonr especi/iHy' by working to 
ftuiii-.:-' .-ivisumptiori !niFiiediaioly,M"he emergency 
'»'»;aSi.'rns to 'Aaive clean air pt^'visions in certain 
.■- ift^ necossajy, tempcranly. 6ecause rnor'e 
v-.'j Oiiv- ^xMiin ha.\'uds coijlxi be cieatecJ by the 
• i.ruj $h«..'rtaqv: Over the long run. we 
''^'-^') : .Si.ppo't !ho President's ca'l 4o get oar 
'•■■■t: :r.-i! t'M ^upolv u- i^iilanco. and to do SO in 
:-. g:i-aJ.!^ity eiwiio.nrncntal stcUidards. 

A iMt-^Ms that tvis built an ccoriomy that uses 
I j^fAoiopof t.cnate share of the worlds 
i*"o!'.;*ar:''e -ass- 1 f viols cjwes it to people every- 
Mo'p [ i injun h-.-^-.v to take caio of its own needs 
■'^ .vr-' i vVe can rio ihe jOb. Wo can stop 
/. is! i- ''''Vi^v. Wi* c/\n devpiop a technology to 
-"^-'fvav sc^.-i'Ct^s ;"jv3ilable and potentially 
..;.:.;{'-!.: ^v--.- It Mor-u> 10 satisfy a reasonably 
uv^'-K M Af.i v.n must ana we can do 
" ["'.v;(i'nc] jt 'fie sanno time a- hiqh- 

:.; 1 , . '^v' r.'r 1 '^r^: Jf^..^ c c^rV r. bu 1 1 OH s of the NSF 
,-. ■' I : /. : 'J'- ''f^^vjfv'vjf-^iic; inir^oitance 

% 

Services Expand 

■ •■ ■. '-'^ \' ••.*^:!.>r Sc;nV' q-iy thr- 

■ •, - ♦ p>-ur:chO'^ 
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most of^our people, additional measures are re- 
quired 'to determine how our institutions are 
cioing and how they /are helping to fulfill our 

hiqhor nO(HiS. 

If the movenwc^'it toward more ser^ ice jobs 
(osults In more , 'Satisfied people, then its pro- 
Uuctivity could /veil outrank that of many goods- 
producing acj^'vities. It you are an owner or a 
manager, yoli do not have to produce a given 
product lik^ a buggy whip, a kerosene lamp, an 
automobiie or a barrel of oil to make a profit or 
10 achieve the self-fulfillment of running a suc- 
cessful r/iterprise. In my opinion, varying your 
product line or diversifying by taking on the 
production of happy, healthy human beings could 
be highly profitable and satisfying. 

An industrial manager's success in increas- 
tng productivity brings a good and growing salary 
with which he can thoroughly fulfill his basic 
needs. And, it gives him self-satisfaction, esteem 
and self-fulfillment. This is in sharp contrast to 
the lack of fulfillment :)f those who may be laid 
off by the productivity increase, 

,{f we define productivity in terms of pro- 
Oucinq happy, healthy human beings in addition 
to producing desirable goods and services, the 
manager has the motivation to keep people or 
the job with good job satisfaction. He will re- 
spond to this assignment too. It is probable that 
*hp public is increasingly unhappy with, leaders 
in nearly all 'fields because we have all been 
h.iroinq on filling their old needs when there are 
i^ow ones they want filled. This may ex- 
plair. why on one hand statistics show iconvinc- 
■ f'^'^ly lhat the real affluencn of U.S, citizens as 
'Tifv^.^urnd by GNP do^" capita is growing rapidly 
afvi nn thr. other hand, most of them are con- 
■.■^rrn(i thc^y arf; aottinq worse off. 

Lraders need the focus on the hierarchy of 
Find out where people are on that ladder 
^ -^^plr ations and then help in^m [progressively 
r'wii!^ lo f^vnr hic]h»^r runos Homn ^A'ant only a 
: a' ^' soup and a cut) of coff^'o while others 
.V \n* •■"^ cnninose a «^ymoh'')nv sculpt a statue 
' iv = .; 'M fly like Jonathan Livn'toston Seaoull. 

Environmental Improvement 

.) M('':fily incf p.i^^trui pjMfj^ntago nf peo- 
' \:'.\() \n h.umoMv wi!h N;iturp is becoming a 
'; 'n^^-'i inr rmeri In hqhr of todav's i<rmwledge. 
a :'i)n-S*risanc(^ \o consider economic devel- 
v.-thciut siniultarun',usly considering their 
jM !M»» (MWiraMrMtMil. Until receipt years, 
' . ' \t .•'■:oofTif'!rn h.i'^^ nin mnghshnd over the 
. ' ■"{••M't !}-!■-■. c.if.ihM! r,f:ticiil problen^S. 

' ■' i» I': 'jevfM{)i){ J itio'Vv vvh«MP indus- 



trial devplopment has grown so, rapidly. As the 
InOustfial Hvitions fiourisiv tht^y dig. scoop and 
.pu?np evof-mciOcisinq ^jmounts of rC'Soutcns. 

and fashior^ Pjrt vi Viosr- K'Souicoh is con- 
vcrtt^ci tv) jsabie fM{)(luctr> /I ho non-usiblo porbon 
t5n disc.ifdnd invnf'dMiely /-ifHl llu: converted pof^ 
ttoiis inuv m drsordof ly. untidy and frequently 
^.Jl^^vt!^• tjshion in the n-r .v^d w:U(M or on the land. 

c/.'" ■.•nn'od:n!o onvironrT^en.l .jnd tr^, have little 
ir;uM( * 05'. the' rrv.^u** 't'^mot*.? ^miv i onfTv.^rit. On tho 
'.)!h"r \\-v,k\ .ifM;;0'^[ o."'m;Mp inar.agr tj clfon and 
po' Vv" t^"'j-'t i'ni!UH}.al».' *v';vir-.">nnuMit. but in doino 
nav;"* '/-'MMa^'.a^ai ji5 rnpssif^i up rno.'O remoto, 

Ac- \'r.^-i Qa.:*^*, nior^^ pvt^lj'n anM v^.r? nuHf? 

po.-n-' y-'- *n( r,- ^;\vfM and 

fov.v^' '•■^1^..-^. j'-M'^ w^ch to diQ and dump. 
R vtV-'v- '■"•^ ■■■:-A f 'I'.'SS'a^Q . 0 h.s ?v/r.' n^st This 
^ iC -A *'--ia *') f'v>vy-)ti'* •.\Oi'''. tiJ Oi^^ln up 

': "k a^\^.r t^>; p-ihjl'on off-ssuri^ con^ir-o a-. 
E.\-a^ af^>-:. .v-v c f-arn t^c ;i:l|iruii aoal of 
:-'rM^nc '"'-^ ;va::a s o:;uuiali';n to 7 Oil!:on. pLii^vM 
Tvir^- ^n.) t aot Lvcjor Nrit'^^i- aae its 

no'^Mi-'^'v^V. ib't; ^•"'S.Ujf' OS- 'nciiid-no its idc-T.'jp- 
t\,\t\.-,r] V, a^^'-'f ar-d la^'d r-^u« .'.n au".- takino ot^ 
■a !.*^.' -li 0-;SS--'"r:'* • ^ nov. a^entor oambors. 
i'' r-vt*;- !>^f ;''!' .v*-- r.ajaai i^ripu'latuj-^ qrovvth 

!! ■! .r; i : n ' n^'V r - -O^'^lva rr- 
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i;. '-^ : "a" * -a-'S :*:r^ ^' '- ar ! J '^v\p. nu'aiif 
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pron''f'^n'i launchRd in 1970 with tho' passage of 
the Naliotial trnvironmentaf Policy Act and the 
oioation of the Council on Finvironmontal Quality 
an.: !hi^ F'nviror^i^mr^tal Pinlochon Acirairy Tho5;(^ 
rnovr-f^ constitnto rnilostono?^ in fufthorino thr 
raialdy of life 

Tho*y brought consideration of onvironmental 
factois into tho sanio loaguo with -considoration 
of economic factors, permanently enshnning such 
tui !Mi,i-*t <iliui"i ill tliu kit'Cisioi i-n i..ikinQ |J^0l■.t-s^ of 
our ivitiot). It appears tHat a good way in a free- 
market r^conor • to cont»oi pollution fiom eco- 
fvanhc nctiviiios iS to bring ttie cos^ of such 
cont'ol to br:»ar dirocUy on thp Investmont^cost- 
soiling-pnce -relationship of business. 

Tho Council on Environmantnl Quality has 
estimated that the total national annualized cost 
' -Uiai IS operating costs plus the interest and 
ueprnciiUton on investments in environmental 
controls — will rise from $10.4 [pillion in 1970 to 
$33.3 oiliion in constant dollars m 1980 to meet 
the^ ai*- and vvate'' quality stancfards beinq promul- 
aaied by !.hn F.PA. Anotner move being consid- 
e-eci t^iat v/ould stimulate the economy to clean 
up lis oischcuges is the levying of taxes. The 
taxes v.'ou'd be directly related to the quality or 
the (quantity of pollutant discharge. 

A further step that merits serious considera- 
IS rhe establishm.ont of a requ.rement that 
busir^^^ss bo r^'".S[)onsible for collecting, reclaim- 
.i'^'i a[)pf opriately disposing of all of its prod- 
■ }(.\'\ ■■■".r,i' inoy have finisned their snrvire. Tnis 
'A-au!o .i long way towaic! cleaniiK} up tf^e litter 
!'! i! f^ia(iia^5 our eountrysicH'. ?ec(^ver!nq vnluable 
.••^s.^iares olacmrj the cost of aisnosinq of solid 
/. is!" :-n *he nrodrir er af^d sanujlating the design 
f)'*)rlijt:ts \tu)Sf^ :i-^r.nynr\^- ;c, frtcii'tated. 

World Economic Grov/th 

\< .: K infiO. -.shen ta-^ n;o>.s world product 
.'i- K h«Hl -ii'U tiiih.^i- thi fp ',vas little 

;■ > Ml i;vna. Mm,! T/^J j iV .MlvllOrimnnt.il 

r*. » . J vilVa < , ■ ^- f'j S ' e«; ' * ibli/ OfKllltv TflfOUOh- 

J" -a / .aid Ta,- :^\.\'n r'"^as-^n is that 

'i^. ; : lu-<' ;.'{Mi'a''*'» ■ ■ \ ■ f W "I j ; ■ . i ^ \ i ) y . 

r ^S' tin^' .us! ^^3 y^\Ms VV.na* 
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ijy a'^SO ; n-^;r:a t'-'i-US ronMnuO 
^ 't"-' )? i iffa- ic *ra-''"^a ;-^.vir'-^».rnpa}al 

: ':';J\! \ ' :* • : t > ' fwr ■'.:■!! ^ 1^ 'Vi 'I; lOm.nrjt 
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fH:-:i?t*lv n»'t\i f*\}MJ « f-OfuMviu" i) n'tMoprnf^M TMi? conH^—ip^rMM^siiialY ifiiportant m tho decision 
'5> f^i^' < 'Sfxaf y not <;")'v i-.^ {mdvkIo hiohf? ^^t.iMci.iids fiinkino of ninnaQenient and qovoirin^ont. 



{■ . N=)^^ !rt THt^ ccHKiuch'' with a ^uimniiuy 



J' • • Growth in the quality of life can be 



unlimited. 



. 1 



k: -.1 A iv . c jn.^fTi.' J* V iMptr,on!. ^ » Economic well being and eriviron- 

' ■ • ■•• 'iv li^-.^ ::\.'- '>n.it!'M.} mental quality are necessary and de- 

sirable elements of the quality of life. 

• Exponential growth in population or 
pollutio{i will seriously degrade the 

- ' V ;/ '.'V quality of life. Both must be brought 

■ i.JMi. i! . u' to 2ero growth as soon as possible. 

• Now that quality of life is determined 
by success in progressively fulfilling 
a continuum of needs, many of us in*c- 
the developing nations are primarily 
motivated toward siu:h things as 
self-fulfillriit.^nt and self-actualization. 
Meanwhile, mor^t of the people on 
earth are still struggling for the basic 
necessities of life. 



v k:!-\. *;-s th.U 

■ « M -. ■ . * 



» Our institutions need to alter their 
activities continuously to produce 
what is required to fulfill the chang- 
ing needs of our people. 

n in : « Sludy of the growth of the quality 

of life makes clear the growing inter- 
dependence of all of its on planet 
Earth and the need for us to plan 
and work together. 

;■ . •■ * i -'oi'ir^pOi'^it'iK^i- 

• We the peof^le of planet Earth— 
with the respect for the dignity of 
t?acli human life, with concern for 
fj'ture generations, with growing ap- 
preciation of our relation to our en- 
vironmcrlt. v;ith recognition of limits to 
our losourccs and with need for ado- 
quaif? food. air. water, shelter, 
h(.Mlth. protection and self fulfillmeni 
■ hereby declare our inlordopond- 
f-nce and resolve to wor 1^ toqcther 
tn brothorhood and \n harmony with 
C'Wt i'n^'\rni^n ori\ to onhruico the qual- 
ity of Ift'o nvprywh^ro. Z' 
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Washington, D. C. 



All RANN programs, projects, proposals, and 
speeches begin with a problem statement. This 
fs no exception. The public sector — at least as 
measured by purchase of goods and services — is 
about 20 per cent of the Gross National Product, 
and one of its problems is that it has been one 
of the more resistant sectors to social and tech- 
nical innovation. There are various explanations 
for this condition, which will be discussed in 
this section. They include difficulties in measur- 
ing output and performance, high degree of 'abor 
intensity, lack of aggregated markets for public 
procurement, etc. 

The fastest growing components of the public 
sector have been state afid local governments 
lri 1960 state and local purchases of goods and 
services in 1972 dollars were a little over $80 
biMion and in 1970 were approachir^g $136 billion 
This constitutes an annucil average growth rate 
of about 7 per cent State and local governments. 
\\\\h some distmguishoci exceptions, have rarely 
na^J the resell irces. t;rno and technical skills to 
use research and development (R&D) to onhn'u;p 
productivity. 

I'-Cf(^a5;'f.a prcHjijrtiv'tv m tho pubhc sector 
"Tiphos t^^it nrq.ini/.itiMMni i)ohavior and proc- 
• ssps hav»^ lo ch'jnrir-f! CofisofHinntly R&O 
tfiis snctor h.is scvt'^-^ il pofiuli^ir clia' acteristtcs 
Because of these characteristics, tho^performors 
ot R&D \'- the Duhhc sector have to bohavp 
^Jiffe-ently tnan if tnny v.ere cor^duclinq applied 
•\Uh'.jI sC-^ncf or pnamennnQ ros^arf^h L^"'! nir- 
try t'"^ ilJ'.sStf .i!p S'.>r7l#» the?.r^ CharactONStifF^ 

{h<' ••sr-kj.'c.ttvt' of the n/^D i^, if^ provific 



to better match the organizational output with 
social demand. 

Second, the research has to be oriented to 
variables that policy makers can control or 
influence. 

Third, the public sector purchases goods and 
delivers services in real time. To be useful. R&D 
must mesh wi\'h an' on-going decision process. 
Consequently, partial intor" ^ation at the time of 
a decision is valued much nipre highly than cpiTi- 
plete information after a decision. In terms of 
research design this requirement implies the need 
for a sequence of partial, actionable results within 
a matter of months rather than a definitive result 
after three years or four years, as is often the case 
in other areas of research 

Fc'jrth. because of Mhe potential for social 
errof. it is critical to accuii^ulato and evaluate the 
results of on-going R&D. x^p?^ example, in the 
fiscal year ended in June 1973. the Division of 
Social Sv'jtenis and Human Resources obligated 
$3 6 million to evaluate and dissemmate policy- 
rfHated research in approximately 40 differo.it 
muriicipal am.j human resources tooics 

Research Paradigm 

These general characteristics are adci.essed 
in all paMs of the* RANN program f:oncerned with 
(:)ubl;c sr.'Ctor productivity. To account fof th^n-. 
operatiorvilly requires a certain p^aradigm or pro- 
cecjurf^ for no.'iductinq rosoarch The paradigm 
,vhirh has eloven steps, is showr« in Figure 1 

The first slof^ is to identify Iho problem and 
tW»finf» sorn(» initial sp*^<-ific.jlioo ni \\ thfit is 
r f?5{Mr cliat')le The sec on 0 ^Jl 'p is in do soni-^ 
ioitiai an.'ilysis witli whalcwef d.ila afr» .ivail<it)i(' 
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tind to learn tho systoni characteristics I do no^ 
mean leain m an abstract sense. One has to "ride 
qarbage trucks, go out on police patrols, sleep 
m tenements and talk with service recipients to 
ot^tain an almost intuitive feeling of how a given 
system works and where there arc critical deci- 
siun points where valid research results can make 
a difference 

M sucir porUs can be found, one can then 
. •.\-Juct tui interim analysis th:i rs hoped to be 
.i^^ablo to the decision makers conriected with 
t'if system. One takes this inter rrn analysis to 
\hi' Jrcision maker and other <nt(?rested p ir tios 
.i-d 3s^k<k them wfietfier it is interesting, useful 
^ !;-r «»ct>'v provocative. Or^e hof)es that at lea'^t 
^t^esp adiectivcs applie^s, .uuJ the mterini 
a'l.ilysis helps in achK^vuio qreatei data access 
A: th'.- san^e t-me one ca^^ beqin to set uo somr* 
-.".•j f^valu it or-j fjevK>^ anci some mfasn^es of 

■jtCM^if^ fo* tbp ppi^ormrir^ce the system 
S'.jr;h a iSn'KU^ ni.ay iip oithfM- a st itiswral model 

n aa.«iyt!cal matliemalica' morJpl ari experi- 
'":prita) rjr'^^^iqr: or system itir. infrumeri judgment 
i^'.i .s^'o^o k«tul -.f evaUintiOn ofWiCt^ is necessary 
•^tM^ul»^ outcome 

li^ifio ont; s ^'V. 'lii.it i(;r^ ijpviro ti'^l jomnu^ i* 
.MtM pf'.pet eMipinc.il Mcjta {[ip .in.ilyra pnulucps 
.1 ti-'\il stattMnenl. .ilthongh in. oru^ sense analysis 

..Mvv il It /.ill f^'^ntPai.iiiy iiuvji^ipd bv 

fM» I'-r, :.'i-.t'n; , • .{ \\\\ f.yStt"!! 



In addition to providing analytic results, cal- 
culating the sociaL economic, and political costs 
of adopting an alternative derived f^-orn analysis 
has become necessary. This involves estimating 
what the "costs of . transition" would be from 
current solutions to the new ones and what the 
organizational possibility is of implementing alter- 
natives For example, it is possible that one n^iw 
alternative might be somewhat inferior to anothei 
on strict cost-effectiveness gfoun- s but have 
greater likelihood of being implemented, because 
of political considerations, for example. 

If the analysis is dc ae well and provides 
•-esults that are implerr..^ itable. they will be dif- 
fused to the immediate user. Validated, imple- 
mentable results vyill ideally be transferred to 
other locations withc)ut special research utilization 
pftorts 

Because the market for information m the 
pul)lic sector is not perfect transfer to other 
locations ordinal ily will nol take place without 
a sf)Pv:ial effort at ^esearcfi utilization and dis- 
semination This function in the RANN program 
IS consioered to be so impoitant that a research 
utilization office h:is been establisfied. as will bo 
fipscribpd in Ihe presentation by Dr Hersnian 

Resource Availability 

T[H.'r(^ IS. ol (:ouis(\ nn f)(vnt in having an 
• iporoat li to public stH.tO! rc^search v^ithou! having 
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a budget By the ond of fiscal year 1974. RANN 
through the SSHR Division will have obligated 
approximately S35 million in the form of about* 
200 msojrch projects. 

in substantive content. RANN lesearch on 
public sector productivity is divided into three 
parts: 

• Municipal Systems and Services. 

• Humrin Resources and Services. 

• Social Data and Evaluation. 

The first two parts are ^oncerned with im- 
proving productivity through better organization. 



new technology, or improved management. The 
\third part 'involves work on measurement and 
valuation procedures that will let us know when 
productivity incienses are really taking plane. The 
programs in Intergovernmental Science and Re- 
oearWi utilization are a very strong complement 
to this\resBarch. * 

Papers from tvv.o users of urban research 
and tromxtwo applied social researchers follow. 
Thny discuss the productivity problems of largo 
and small urban^areas as well as a major human 
resource probJem — improving the productivity of 
our health carQ delivery. 
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PUBLIC SECTOR PRODUCTIVITY 

Edward Hamilton 

Deputy Mayor 
New York City 



The principal fact that makes productivity 
possible. I think, is the political atmosphere. This 
is perhaps too little remarked upon because it is 
so imbedded in the problem and in some ways 
unfashionable to talk about. In many ways. *it is 
the beginning and the end of doing anything 
about public-sector productivity. There a^e at- 
mospheres in which it is possible to work in the 
field and therp are atmospheres where it is not 
possible to work What I would like to do is 
give you some notion of two things: What kind 
of atmosphere produces the situation, which we 
have now. which seems to be particularly ripe 
with promise, and what sort of things we have 
tried to do in New Yo'rk and think perhaps haVe 
some relevance elsewhere. 

New Demand for Productivity 

Thetirr* point I think all of us have to under- 
stand is that the world is quite different with 
respect to public sector productivity now than tt 
was even five years ago. To put it in few words, 
pubhc-sector productivity is now expected, where 
it never has been before, at least not in any 
polil'caNy meaningful way. We have a national 
olPctorale that not only wants public-sector pro- 
clurlivity. but .oxpec/s it. and believes it has a 
right to lOcoivo it because this oleoiorate has 
mafie some rather important. alm(T6t 'aciical doci- 
sio^^s With respect to what th^^^ublic sector 
moar^.s it hv'ts revalued the public sector. It has 
made A nujch more important in relation to the 
!ntal s./o .incl obj(?cttvos of the economy than 't 
ovfM been before It has decided ess6?ntiallv 
'hit? J consijrnpr f^cnnomy that produces n hell of 
I if^' Ahite-AMli !»ros and boor ar.j not very 
n),;r.h transportation education housir'Q and the 
olhfM ;^iit)iic qoofis IS not acceptable 

T^^e Qlectorale demof^slrated tfv^ by a quit*' 
^^^!.ls■!lc cha^iqe in the 1960s ir^ u'^hich. amonq 
,Vh)' IhTigs 180 !"^evv Fodfval cJc)mes^!C pfoqram? 
/.♦'•f.- f^M.]cU?d Tho f.'Ipctnrale also pormittoci 
runM.KKaOilily b(?lwe(Mi public-sector salaries and 
;w .v.n»*-'^pc\'^' sa^anes This inipospti on Ihc 
p.'jl>i;c sf" *Mf 'Vt[ sirriply thf» or\y*\nr]n [)u\ \hn 
.'r)' r;iM.)n t'l pi<'«(lijcr lrv»^!s ?rt!irn 'fiv^st 



ment that are in some way'comparable to those 
expectejd from the private sector.- 

Now at the same time, of course, the public 
sector struggled very, very heavily under the. two 
major historical conditions that affected us in the 
■60s. One was a tremendous demographic change 
in our central citfes, which changed the income 
base and changed by a very large factor the co- 
efficient one would apply to each Individual in 
terms of his need or demand for public services. 
Even though our central cities shrank, the work- 
load characteristics in each of them expanded 
enormously. We had doubling of most service 
budgets and most service workload in a period 
of SIX or seven years, despite the fact that in 
most cases cmtral cities were declining. The 
other great change was this revaluation in the 
public sector, which both increased the expecta- 
tion, in the public mind, of what government is 
supposed to produce, and Increased the unit price 
of government enormously. It did this by allow- 
ing and encouragihg salaries consistent with the 
nc*!on. rather new in American history, that it is 
important to draw as many of the best people as 
one can into the public sector. 

Poiitical Atmosphe*'e 

Now. what these two conditions produced 
.vas a political atr losphere that was ripe for 
productivity Put more simply, a political atmos- 
phere in which the difficul-ties in informing the 
electorate about the administrative nature of gov- 
ernment decreased — i e.. trying to teach an or- 
dinary citizen who has other things on his mind, 
^or (example, than what a chart-day issue is in 
terms of police negotiation, or ariy kind of alloca- 
tion of public manpower The public acquired 
both the patience and the desire to suffer through 
those problems with us and to learn something 
about what wo are up against But. it also learned 
thn oatience and the forebearance to live with 
whattwer disruptions are necessary, because no 
rhar::^o \n prociucti vity came easily Change is 
t)oii.*Td to iMv^^lvj^ a cpitain aniount of tension, a 
cf'ftaui anu)ufU frictK)"' .md. Uom timf^ to time? 
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the threat of disruption of public services. The 
pubhc could be said 10 years ago not to be will- 
ing on the whole to accept this. It cannot be said 
now i think, at least in most urban luf isdictior^s 

Now what a proper political atmosphere 
gives you. if you are a poker player, is jacks or 
better tv> get into the game. It does not give you 
any answers. It simply gives you a set of condi- 
tions in which it is possible to develop answers 
and implement them. In our case in New York, 
that means essentially three things. First, gather- 
ing the human infrastructure necessary to go at 
problems in a systematic way. Most civil services 
do not grow people of the quantitative, analytic 
tradition, nor do civil services react very fast<^ 
when change is needed. If somebody invents a 
computer. 30 years pass before most civil service 
systems can •^eact. b-jcause the systems are not" 
designed to produce really rapid development of 
new skills. As a resu't. one spends. a lot of time 
iust getting together 'he critical mass of people 
who can do the data generation, do the record- 
ing, do the systematic thought do the alternative 
setting, do the costing and. in the erid. produce a 
workable productivity program. In our case in 
New York that means 1500 people. Keep in mind 
that that is on a base* of 320.000 employees with 
an operating budget uf S10.5 billion a year, and 
a capital budget of $2.5 billion a year. 

Now naving assembled a group of people 
commensurate with the size of the task., one can 
do what we have tried to do in New York, which 
is to launch a government-wide productivity pro- 
gram Understand that in many localities, the 
notion of a government-wide productivity program 
run by the mayor is not a very likely proposition, 
because mayors often do^not have authority over 
large parts of thou n[}oratinq qovornment. In 
New York, we have a hiqhiy consolidaled budget 
fiat ncludes, for example the entire school sys- 
!pm a 200 OOO'Studerit university, a l9-hospital 
OP'OOr.ition aruj ♦ho whole welfare proqram. But. 
i \h\t)k it «s iK)SS«ble to dc^ sonio pi ociuctivi^v work 
;n Virtually .uiv { urLSuictiorv on virtually .my h.iS'S 
Having tho'f^f.^'- j.sson^hleo thn penole. hnvmq 
•1 Kl sr)mf^ ►'*xf.')f»' innr »^ :r .tn.'ilytir business and 
■nst.illinr; thf^ sysl^sn Uif nKxiP nf thonqht in [ho 
or'v:**^^ -ijsu.illy '.'ndy iirut^l the 

:^.rdqt'* \yr:.f" -nnf •■v(>i tifiM r)r'.)Cjur.f\s tr>P 
".iptir.uy \-: r,ii:v 'n'jt ) ';i^f!)nrPhf>ns;VP orrujur- 

Quantiffable Results 




of what you w int to do. You can quantify what 
you want to do You can generate data about 
both inputs and outputs, and you can come out 
with a simple measure of whether you are gettinq 
more return or less return** on your investment. 
The classic case in New York is sanitation vehicle 
maintenance, of which some of you may know. 
Involved is a fleet of 1.B00 trucks with an average 
age of 2,7 years This is very new equipment 
yel unlil two yeaiS ago it had an average down 
time of 38 per cent. Now. that is not just incon- 
sistent with municipal fleet experience across the 
country: it io inconsistent with any sensible main- 
tenance process as far as we are concerned 
Therefore, a fair-sized job was done in the effort 
to analyze precisely what was happening. One 
came up with a set problems that are not 

s terribly unfamiliar i* yOu are used to the business 
of operating the public sector from a managerial 
point of view. But 4hey are not any pleasanter 
because ti^ey are familiar. For example, it was 

■discovered that every truck was' down abo.ut 
4.2 dayiv Of that about 2.4 days were spent 
watting for parts. The reason for fhe waiting was 
that the system had b&en built on' an entirf?ly 
rational proposition, but one that just did not have 
anything to do with the real world. The proposi- 
tioa was there ought to be a central repair shop 
and then a series of satellite repair shops for 
minor repairs. Again, perfectly rational. 

The problem is that in our system a sen'or 
nuichanic. as he nses in the system, has the 
fight to bid with his seniority as to where he 
works. Obviously, as a mathematical proposition, 
he is more likely to live near a satellite minor 
■^epair shop than he is to live near the central 
repan shop Therefore, he wants to work in the 
minor repair shop But. like all mankind, having 
r\seri to some peak m his profession, he isn't 
interested m doing minor, preventive things. He 
wants to do interestinq. major repairs. So. he 
docs them and he does them m a shop which is 
f'Ot equipped lo h:indle tfiem Wo dc^es them in 
A (\a\Vd]x\ of a parts inventory sysl(Mii thnt d^)(?r^ 
Mci contemplate his doing those repairs. So 
»>vf.'ry request for a mnjor repair f}art to qo to d 
minor repair shop is treated as a very unusual 
f.'v^mt despitf? the fact that it orcuis iill tho tune 
rn** rr^sull IS that the p-uts invfMitory and lo- 
tfpv.il system is Simply t\c\\ {p-.U«'d In Ihr: rfalitif^s 
the A'orld 

Tn c.()irnc\ this sitU(\tir-,n taKc^s a Cfvl.nri 
HT>;)ufM nf physicni rr><;t' ucMuf |pq But vvth ml.i- 
::V"!y s.'^^':.it'» nu^ir.urpf; :\ lit tin neqotiation ;U 

. ihlfi ^oMiP- f)f wricfi ''n\ rji c;if'nf^lp • lhi> 
'S ''.h.it h.is l)p»vi ;i''h'» vj-d '.n New Yf^i^< 
f'-i- ' i:p !S i St tnd is "ut a^ ppf '-fit 
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Average down time at any particular timr on any 
truck IS 8 per cerit which moans a sizable in^ 
crease in effective resources. Nov/ that is the 
easy case and t[i(5ro aiu lots ot those. 

But what to do in the second case, the 
harder case, where -output is not measurable? 
Who knows what a good education is? Hovy 
would you measure good police work'?^ How 
wfMild yon quantify thfsp rfially quitp judg- 
mental, subjrjctive kinds of services'^ And. inci- 
dentally, keep m mind the dangers if you g^t too 
full of yourself and decide that some partial" 
indicatoi is a complete indicator. My favorite 
example is what 'would happen if someone de- 
CKiod ibal the output of the police department 
IS ropro^onted by the arrest rate and started 
tying the collective bargaining system to arrests. 
I assuf^^ yofj arrests would go up. So would the 
city - tianu}s — but arrests would in fact rise. It s 
terriDK important m this business to bo as certain 
about your limitations as you are about y.our 
ach,t?vjtMnc*tits. * One of your Imitations is that 
tfu-'-o aroas in the world that cannot be 
iuantif.cd What do you do m th<^se areas'?* 

More Effective Deployment 

You do two things. One you develop the 
best st.'t of partial indicators you can. and you 
ca!i do some very interesting things Thp arrest 
rale t^s an intorostmg indicator It Joes te-jll you 
soniPth-r^q about police work. It is not a complete 
^nd'C.ito'- but it tells you somethir^g. So is the 
qg-ilitv of tiip arrest l^:1^e What percentage of 
jMf^sts IS for foloii'C.^s .IS oistinguisfied from mis- 
'^»rH?-'K'-.Hs'^ There afe^ lots of indicators. We 
M.tvr^ i^i^ thoni i{^ th(^ p.jj'Cf^ am-i thtit we think 
.i^.- j.^\?i.-"f>»'|^ :nttM(^slmq. Rut. w(^ dn r,o\ delude 
•).jfse!v'-s !'n.v t.ik»;ri l;^qpJiv" tMt-y r.-f^fpsf^ni thu 
if fuo isuf^ poHce v.oi K But qiven tfiese 
t -s !fii''n or^P CJ" d:- i'^^ l'^ /.OrK on 

: jii'V'! '. do;>! lyr'iv^ril 

IJS'.i.n^ 11" M.;r i^y^.'O'iK; f rul thi.' d^nUiy- 

-.v ff . f.:^ of '^iP V.O!K lo.ul WV' 

f :■■ r- iv-- jijr,; .}<-; fr.jny f,ir*Mn*w^ tho ftff'- 
'Njh<^.'^'; Ah'M' T.r-'.v ;|:,. fin'>^, .j^; w he\n tflpfp 

j =)* ■.;/'• ■(■• M 5; - J;,-.? .1^ flMrW 
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a more productive profile. You need to profile the 
work' load. You need a kind of analytic talent, an 
approach to life^ a more or less Systematic pro- 
qramminq kind of mentality to take' on that prob- 
lem. This is 9ne of the reasons why it has not 
been done systematically in most places. j 

Now we have done a lot of work on deploy- 
ment. If you come to New York, you will find, 
for example, that on Mondays there are 9(^0 more 
Si^nitalion men working than on Saturd.\s. You 
will find that the adaptive response system for 
fires does produce a very differential response. 
You will' find a large number of painfully . nego- 
tiated and extremely controversial, but. still very 
effective, devices that have Kept the increase in 
the number of Fire Department personnel toM8 
per cent, despite about a doubling in the Tire 
work load in the last five years. This is the pay- 
off from changes primarily in the deployment and 
response mechanism, without incidentally in- 
creasing the response time at alt. and maintain- 
ing the lowest fue mortality rate in the United 
States. 



Paper Flow Improved 

The third element of tho productivity pro- 
gram deals" with the problem of processing. This 
can be anything from the more mundane smaller 
paper flow all the .way up to the most sophisti- 
cated use ot computers. Obviously, it is the 
computers that have the glamour, but. in many 
ways, ir^ terms of straight payoff, the smaller and 
less spectacular improvements really carry the 
bulk of the load. Still, computerization is the 
narpe of a big piece of the game in the business 
that wp are in particularly with the numbers that 
we deii^ with We think we htwo made substantial 
■nroads. Just to give ar^ example, last year our 
hospital corporation, which has a budget of 
$800 rnillior\ had $43 million added to that budget 
ft.'vonu(?s Simply froni procPGsrng thn 32 mil- 

[)!e(:(^s of pappf it must procnss to qpt third- 
PiUty ropaymo^iis from tho stale <uu1 F'jderal 
qiivprrunont and from tho tfiird party insured 
's' $-13 million mcf^ fiospital caro simply 
Uon\ piocpssmq paper bettpr Keep m mmci tha-l 
* \)'}\ an fMsy pr r-ibWMn i do not ipcommend 
J 1 you fcM f •x.Miif)!^ Ihf^ diK»min;i :\ li(?j!th insur- 
,!'■(.»' i:wps|jVj;U{)» funis himspit iri whon hf? IS 
Ijcpu with it ontip^it who IS clpady ;i ()rostitu!o 
Wh.n do'">s one put cm the Fed(Hiil r^ovpinmpnt 01 
*hr- stjtf^ qf-vpr ntr.pni for rtV a f^<M n u says occupa- 
'iVM if yfMi pent vJmI ir. ; )ljV;' )i)Sly (hp ftict you 
.icfunp hor o*.j nMSdpmoanor She cari bo prose- 
i tit^!(l \K nn th(- n!hp| h.irn! yuu (jn not fill in 
hf" uc:cup.mi)ri thp fj.ippi wilt i)0\ contain 



the' inforauUion necessary to got the reimburse- 
ment 

This kind of processing problem comos»up 
.igain and ag:\in in government, particularly m 
hospital systems that have never been designed 
to be much interested in the financial side. Those 
of you who have seen the movie " Hospital. ' may 
remember the memorable character, the bitch 
from the Accountinq Department who travels 
^ around next to stretchers being wheeled tfuough 
the hospital with blood plasma dripping into 
veins, asking "What is your Medicaid number? " 
This IS a rather ^extreme form of the problem, 
but the -problem is very real. 



Use of New Technology 

Now the final' element in our program is 
technological If you know anything about urban 
processes you know that we have a lot of new 
equipment, but not ver^* many new ideas. Tht^t is. 
'*'the technology thr.' ^ operating in urban 
processes does not re-.iind you of a country that 
is putting^a man on the moon. It Ts simply no* 
at that . level of technological ' inr\ovalion. The 
reasons for this. I think, are two. One is that cities 
have never constituted themselves as a credible 
market to the private manufacturers. They have 
never looked likeMhe kind of customer who Gould 
say. "If you put some of your own research and 
development money into this project, meet those 
specs, "we w>ll be there, as customers in what- 
ever it takes, say five yeais In large amounts 
sufficient to justify your investment.*" 

The other reason is that the Federal 'govofn- 
rnent has never taken urban processes as seri- 
ously as rt has takf^^ d^"^fonse. /aornspaco. oth<:r 
knids of majoi n<ii.ona! ptiontios. It Sf^ems to mt^ 
that this has to change What we are nying to 
(Jo in l\|ov\ York is first to do everything w(} 
possibly car. on qim * own bonk We h.wo erionqh 
f^Dinq on m iru' r^sparch area sn th.it we can 
produce sonu^ ihinrjs fc Example j^i^ havf^ 
devf'lop'Vl Mpid A'alot polyinen/ed v.mUm th.'it 
Qon^-^ ihrounM In- f^;)c;c^ /jth consKlPrcil'^ly 

inss. V' 'C? » »f ■ This QiV'S 1 r ^iot^f tK'tv. fMitt*nn 
a ii^t mof^^ .vatfr ofi a ^'c? .\ \n ?h»^ fvinu^ si/p 

■•)nf' n\:|n ofi thp crow 

" ynj \<ur;\ ».vn,it ;TM»!f^ v<v.' nviy 

!h /.lis a(%p[ p»-tl . .-n NJf.'w Ynik 

' f^'^f V ii • . ;>:■)• J raf^^^> \V»' !hi'*i< v. ^' ^ .i'' I.mt 




tfick is to so organize the cities and the other 
state and local governments that they are a 
credible market that they produce pressure on 
th(? Ff?det<il goveinmonl to rt-^align research pri- 
oiities. and they do represent the serious eco- 
nomic opportunity for the major manufacturers. 

We are doing our own research, and trying 
to help other people organize to stijnulate real 
centers of urban research and technej'lx)gy. Those 
are the four themes then of ■ our productivity 
program—simple return on our investment -where 
one can mea'sure output easily: changes in de- 
ployment; improvement in processing of all kinds: 
and technological improvement. 

Going Public 

Now. to get to the frnal point, which is the 
political process. Democracy is. perhaps, most 
characterized by the fact that ^people tpnd to get 
the kind of government they deserve. Now the 
business, therefore, is trying to gel the democracy 
into shape to ask for a more coherent set of 
public services than has heretofore been re- 
ceived. What we try* to do in New York is to g^t 
at this problem by making our whole j^roductivity 
process public. 

In August we put out a productivity report 
for the fiscal year which contained 325 iadicators 
of city performance. These contain a run-down of 
what happened last year and a set of targets for 
the coming fiscal yerfr. We will, for example, 
deliver 5.3 per. cent mor^^ refuse to the dump at 
X unit cost and make > nigtet collections — night 
collections being something one wants to mini- 
mize. Such targets have bebome a real political 
fact in the system. They are designed to put both 
the incumbent admin ist rat ior^i and its possible 
Clitics in a situation m which they can exchange 
views on the real world rather than on more or 
less rhetorical generalities The productivity indi- 
C(Uors are reported quarterly in a mayoral report 
ir^ 't we go over each target ^tatf^ the monthly 
i jnrfor maf^r^ as against our pf ojection and (^x 
ariy doviiitron Tfiis produces a particularly 
A'TU'Mcan mentality, of course Americans love 
scoi^'' caids but the r(»port ufoduces a way foi 
th(> intt^ir'sted citi/'en or newspaper or television 
' harwinj r,r ()()!r)ir)n rnakoi of any kind to follow 
o.fi.il ..'Tj in \.\r.\ fi.if^prMinq with, if^si^va to i^pi- 
^:rrn(^M^u> \u\ his l(^cahty UnilrMStand tfiese pft^- 
cedures do iiut mean therf^ is no controversy 
wvf? wh(>thef the target was .unbilous onougfi. 
whet he 1 the a umbo r 5 are nqht whtaher oru? is 
looking af tru^ nfjht thuuj Of whether ih^ whole 
t^xtMf.isf ir, v.ilid [^nt v.hfM) tfifil riPtjaW? (u.'cuis 
if 'f'.curS wM lh»' fiiMijtid (.nMlfMl t)y Irm i,\r.\ tli.it 
JM.s rsystnm t xt^Is l! b(M umi-s fHK:oss<uy to Uikc 
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on either \he numbers themselves or the process 
to try to comment seriously. 1 cannot tell you 
^what thai does for a political debate to nave to 
''get somewhere near ttie real v^orlu. anJ either 
crjtici/e or agree with a set of roal data with 
respect to the public service one is arguing 
about 

We think it has been a very healthy process 
in New York We find ho dissent among any 
political party or any candidate that such a sys- 
tem ought to exist ! tfiink any politician who 
qets into it understands that when he begins to 
make this kind of thing r')ublic. he does take 
some risk. But in the present political atmos- 
phere the risks are greater if he does not have 
some^ kind of reasonably valid and validatable 
systeni of measuring what he is trying to do 

Nnv\ no improvement means anything in New 
York 0' iri any unioni/od system until one con- 
nects '! to the coliectivo bargaining system This 
s '.vhat v\o have done Wo will not sign a con 
tMCt--.inij hMve not signed a con'ract foi three 




and a half years — which does not have specific 
measurable productivity improvement built into 
it. Indeed we argue that the only basij on which 
to consider salaries increases iS' productivity 
and some reasonc-^ble projection of inflation. 
Usually our projection of inflation is somewhat 
more reasonable than the union's projection. 

We had a period when ,argument was made 
in couM. for example that productivity was not a 
rnentionable subject at the bargaining table. 
There was great horror that management was 
putting forward demands. Nevertheless. I think 
the political atmosphere has made that whole set 
of arguments rather pasSe. Productivity and im- 
provemont efforts in the public sector. I thinft. 
are here to stay. It Is -a very encouraging trend 
for those of us in the business. I think there 
really is very Irttle excuse for not making some* 
major improvements in the next 10 years, I 
think RANN. and the kind of things RANN is 
trying to do' some of it mcidentally in New York, 
is an extremely important instrument. 
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During the 1960*s many large cities experi- 
enced a 10 to 15 per cent annual rate of increase 
in demands for urban public safety services, as 
represented by police, fire and emergency medi- 
cal services. Such demand increases, coupled 
y with higher salaries and lighter city budgets, re- 
quired city administrators to seek management 
alternatives other than simply adding more per- 
sonnel. Systematic analysis of alternatives to 
improve performance and productivity have of 
course been carried out in the private and de- 
fense sectors. However, this has not generally 
been done in the municipal public service sector. 
Administrators in many municipal public services 
had simply gro^ accustomed to adding per- 
sonnel as the sole management response to be 
considered. Examining the budget of these ser- 
vices, however, one typically finds that 90 to' 95 
per cent of expenditures are consumed directly 
by salaries, pensions and related fringe benefits. 
Consequently, police, fire and emeraency medi- 
cal services comprise some of the most labor- 
intcnstve. undercapitalized industries in the United 
States today. 

One usoful moasuro of tho offort allocaled 
toward seeking fnno\/ativo solutions to problems 
IS tho dollar amount spent on research and de- 
velopment Comparing relative expenditures in 
research and devolopmont heahliy qrovvinq in- 
dustries in tho private sector typically allocatp 
4 per cent of gross revenues to research and 
develooment The Depa^ment of Defense usually 
obliqates 10 per cent of its budqet f13 per cent 
in the Into 1960's) to resnarch and development 
Id contra.st for mont i;rbnn public safety services, 
at least throuqh the late 1960"s. it is difficult \c> 
irtentify as mucfi as 0 1 per cent of total expendi- 
tures bemq directed toward research and de- 
velor)n)ent This has chnnqed sorrowhat in recer^t 
year?,— ckje to La?/ Eriforeomnrit Assistance Ari- 
n^inistrat'^u^ (LEAA) fiindinn ir^ the case of police 
Dep.irtf^ient of Housino^ r.nri Urban Devolopmf^nt 
furvI'MQ :n ihp case n*. r.^rtau^ emerqency services 

f!jfi.'!ina iv/ U^** Dnpaftn^eets of TranspoftatioM 



(DOT) and Health, Education and Welfare (HEW) 
in the case of emergency medfcal services. How- 
ever, much research remains to be done, par- 
ticularly in areas where no ono agency (Federal 
or otherwise) has had interest or jurisdiction. 

Our NSF-RANN research aims at developing 
policy-related procedures and guidelines for Im- 
proving the planning and decision-making in 
urban public safety systems, particularly police 
and emergency medical'services. By focusing on 
more than one of the traditional urban emer- 
gency services, it falls outside the jurisdiction of 
any one of the specialized federal agencies (such 
as LEAA. HEW. etc.). 

The research effort is broken down into three, 
components: 

1. A comprehensive analysis of evalua- 
tion criteria of urban public safety 
services, directed toward the under- 
standing of productivity and effective- 
ness of urban public safety services. 

2. Development of a set of analytical 
and simulation moOefs that should 
be useful as planning, research, and 
management tools for urban public 
safety systems in many cities. 

3. An evaluation of the impact of new 
criteria, methodologies, technologies, 
and organizational forms on tradi- 
tional crime-hazard rating schemes, 
insurance rating methods, related 
regulations and standards, personnel 
performance criteria, system operat- 
ing policies, neighborhood service in- 
dicators, employees and their orga- 
nizations. 

If these research componerits are envisioned 
an horizontal "cuts." police and emergency medi- 
ml r^orvices a/e tfv^ two primary vertical cuts, 
lenresr^ninq thn two specific kinds of urban pub- 
lic safP!y systfMT^s Of) whic^h thr^ rf^soarcf^ is 
forusofj 
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The research is strongly tied to cooperating 
agencies, especially in the Boston-Cambridge 
area, and additionally to other- agencies through- 
out the country. II provides a close interaction 
of university-based research with the operational 
realities of police and emergency ambulance 
agencies. This is designed to provide early feed- 
back from agency administrators regarding the 
underlying assumptioris of the research and the 
potential utility of the r^*^Gaich results. It is also 
designed to shorten the usual 5 10 year span 
from the inception of a research program, through 
the development phase, to the successful imple- 
mentation of the fruits of the researchMn operat- 
mg agencies. Current pressures for productivity 
improvement in the urban public sector almost 
demand that this time lag be cut to 2-3 years 
wherever possible. 

Successful transfer pi research results re- 
quires an understanding of the institutions in 
which change and innovation are proposed. To 
facilitate the transfer, our research proiect is 
concerned not.,only with developing the technical 
deKiils of various management and ptannmg tools, 
but also ,with obtaining a knowledge of the 
process of change within the institutions — par- 
ticularly in urban police departments and emer- 
gency medical services. This work requires the 
integrated efforts of sociologists, contemporary 
historians, urban planners, police and medical 
professionals, operations researcbiers. manage- 
ment scientists ancj^physicists. 

' An up-to-date account of these efforts can 
be obtained from our monthly newsletters, which 
are available from the Project Secretary. Room 
•1-209. Massachusetts institute of Technology. 
Cambrtdge. Massachusetts 021C1. ; 

Duo to sp.^ro hmitations. the p''n?»^^nt paper; 
•amM focus on [he second research com])onent 
iistoci above. Involving tho development and im- 
p!onu? .t.it'on of analytical and simulation models 
^■)r planning research and manaqement. The 
paper will have thren major S(^ctinns. Kirst wo 
wMI PXcuniroe the quar^'.titative tools that h?ivo b'^en 
.invPlODOfl 'ocenlly. often under the nanio " opt.ra- 
tiOMs ros(Mrch " .'uui pl.^ce thorn in a larger con- 
•oxt This contcy* will relMte to irKiustrial and 
inihtciry applications or similar tools on the one 
.harul. a'uJ to l)rnad(M nrqani/ational a'^cl ir.<;titu- 
li'v:ril p:ohier7is of url).iri public safety services 
(v^- the otiier. 

Snr.onrl. we w:'! reviov. thr nirthnrloloqipf; 
C;^'^-f i|)u^'na tf> \he (\n\j('\r>pivi'f^\ nf f]uantitati vr^ 
in.'Kl»-ls Ot urt.ian pubUc s.ifptv S'mvicps a'Ui out 
tifu^ thp ?;t!urtuip of one rfT.'Mitiy drvploppd tc^ol — 
-i s:niul.itj-in o! uM^an pohcn pairo! anrl (jisp.itchu^n 




Finally, we will discuss current public safety 
implementations of quantitatively oriented plan- 
ning and 'management tools developed at MJ.T. 
The discussions will usually emphasize police 
applications, although significant activity is under 
way in the area of emergency medical services.'' 
References are given to allow the interested, 
reader to pursue details of methods or imple- 
mentations that are not discussed here. 

Quantitative Tools In Perspective 

, To piace quantitative tools in the broader 
context Pi administrative and organizational prob- 
lems of urban public safety systems, it is useful 
to review the history of their use or nonuse in 
public and other systems. The application of op- 
erations research and quantitative modeling to 
agencies with operational problems is relatively 
new. Most agree that operations research estab- 
lished its first foothold in a military environment 
approximately 30 years ago. Shortly after World 
War II it was found that many operational prob- 
lems experienced in an industrial context could 
be addressed through the classic steps -of an 
operations research study; define the problem, 
specify tho objectives, define, criteria relating to 
the objectives, specify alternatives, compare al- 
ternatives, present results, implement recommen- 
dations. 

Indeed, both major applications areas of 
operations research — industrial and military — 
have been flourishing during the last 20-25 years. 
Many special topic areas such as inventory theory 
and transportation science have spun off as in- 
dividual applied sciences /m their own right. In 
fact, it IS a popular notion that operations re- 
search is. by definition, a transient applied sci- 
ence to be utilized in substantive areas that have 
relatively little history or tradition of using sys- 
tematic analysis. Then, the notion holds, as the 
knowledge and experience in a particular sub- 
stantive area grow, work in that area is no longer 
operations research but rather management sci- 
cwar traffic analysis, logistics analysis or in- 
ventory control. 

Implementation of operations research studies 
m military an(i industrial settings never has been 
rMitirely straightforward. But there are man^ doc- 



^ Frif in-^.t-inrr ^^r-f J M Hopy Plnnninq for an 
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umented instances of successful implementations 
ranging from revised military tactics during World 
War II. to moderr i 'vontory control systems, to 
system control procedures for latest generation 
time-shared computers. 

There also are documented cases of difficult 
implementations and cases where there has been 
no implementation at all. It is concedodly danger- 
ous to generalize over thousands of operations 
research studies. But it would be fair to say that 
the majority of successful implementations oc- 
curred in instances for which cither the objectives 
and constraints were very well-defined (e.g.. maxi- 
mize piofit. minimize probability of system failure) 
or thp analysts took pains to include in their 
study broader organizational issues. Examples of 
such issues are impact on personnel training, re- 
cruitment and incentives: customers' perceptions, 
and longer-term implications of the work in terms 
of how it might fundamentally change the system 
under study Many unsuccessful implementations 
failed to consider one or more of these issues 
when success or failure would be determined 
by tneir degree of resolution. 

A third major set of operations research ap- 
plications that has emerged during the last 2-5 
years is in the area o^ governmental service 
systems, including urban public safety systems. 
In these systems today, applications of oper^T- 
tions research and systematic analysis are in 
many ways at the same point as they were in 
defense systems 30 years ago and in industrial 
systems 20-25 years ago.^ Problems of these sys- 
tems are becoming known, although their com- 
plexity has usually precluded precise formula- 
tions. The need for new methodologies has be- 
come apparent, although work in this area barely 
has bequn Limited implemor.tatlon oxperionco 
already 13 available, and much of this oxperienco 
points to a need to consider more carefully than 
over tho broader organizational issues discussed 
atlovo in orde. to provide ar^y :;hanco of success- 
ful implfMnontatiQ.n.' 

Impleniontntion DiffiCLjItios — One may quos- 
v.'^y thp quantita-ivt^ tt^'Chnqiios ofton ro- 
f.^Tfi.;" to as of;rnahort^ r^^so.Krh hav) on\ had 
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an earlier impact 'on governmental service sys- 
tems. The answeP to this is multifaceted and diffi- 
cult to determine fully at this time. However, 
theie are some obvious considerations: 

1. Ill-Defined Objectives and Constraints. 
Objectives, performance criteria and constraints 
for these systems are very difficult to isolate and 
define. For urban public safety systerhs one may 
state as an objective the "efficient, effective and 
equitable distribution of quality emergency ser- 
vice within reasonable budget constraints." It is 
difficult, however, to transform such sweeping 
statements into performance criteria that are 
measured easily and into constraints whose pos- 
sible violation can be determined readily. More- 
over, objectives may vary among administrators, 
operatives and consumers in an urban public 
safety service, 

Travel time may be offered as one possible 
performance criterion, but its indiscriminate use 
could result in the assignment of inappropriate 
personnel in response to a family dispute or in 
the assignfnent of inappropriate medical person- 
nel in response to a cardiac arrest, just to save 
seconds of travel time. Workload equalization 
among personnel, if followed precisely, could re- 
sult in gross inequities in the type, quality or 
rapidity of service delivered to various population 
groups. One begins to realize .that a popular word 
in operations research, optimization, often bears 
lit.'le reiev/ance to operational realities of govern- 
mental service systems, primarily because of the 
difficulties in defining objectives and constraints. 

^ Lack of Productivity Measures. Since sys- 
tem oLiectives are poorly defined, so are meas- 
ures of system productivity. Signa!? that an urban 
public safety system is not performing well are not 
nearly as apparent as a loss (rather than a profit) 
in a particular year for an industry or as a large 
cost overrun in the construction of a defense 
system. Foi instance, if one city incurs twice the 
per-capita crime rate of another city, this may 
Simply moan that the citizens and police in the 
former city are more likely to report consistently 
and record accurately crimes that occur: or if 
a larger cnme rate is a fact, it may be due in part 
to the number of transients who enter the city at 
9 a m and leave at 5 p.m 

Many measures other than cr'n^e rate reflect 
upon police op nations in a city. This fact makes 
fmf)Ossiblo such statements as City A's police 
clppartm<^nt is better than City B's." Because of 
■\ lack nf productivity aioasuros. forces wilhin an 
iuhan |)ul)l'C safely systrM^i that would tend to 
favor thp fa/us quo oU^mi j)nwail Tfip altorna- 
tjvp of ' nn rhanqn ' assiurfs thtit vis.bin failurp 
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will not occur, because these systems have been 
working in some form for many years. But it 
also assurers that visible progress may be difficult 
to achieve. 

In the context of our research project, the 
first of the three research components examines 
alternative measures of performance and produc- 
tivity, both system-wide and at the level of the 
individual officer or ambulance attendant, to pro- 
vide more meaningful ^measures of e^**ciency. 
effectiveness and equity. The complexity of the 
issues involved requires that several different ap- 
proaches be used. The approaches include inter- 
viewing agency personnel and consumers (per- 
formed by Prof. Gary Marx, an urban sociologist 
at. M.I.T ). reviewing the literature from about 
1900. analyzing measures and rules of thumb 
used cnrrontly by consulting fjrms and profes- 
sional organizations (such as the International 
Association of Chiefs of Police) and reviewing 
how various measures have been misused so as 
to achieve results not Jesircd (and possibly ex- 
actly opposite to those originally planned). 

3. Internal Resistance to Innovation. These 
systems with their civil service orientation have 
tonded to be'insiilar. often fraternal, staffed with 
career employees whose formal education in 
many cases ended at the high school level. The 
high degree of job security frequently gives rise 
to an average of 20 years or more in one agency 
until either Jetirement. or (less likely) resignation 
or dismissc^l. Thus, the* time constants of those 
systems are very long, often requiring 10 years 
to achieve a 50 per cent turnover in personnel 
Rapid innovation is apt to be frustrated unless 
thnre arp receptive personnel in key positions 
Mr;st 0'\<"). implomfvitation must be vinv/od, as a 
n^ultiye.i.' pi cress. iTiakinq governmental sorvicos 
cj.sij'ict from their industiial counterparts. 

In our research proioct. Prof Robnrt Foqolson 
{A historian i'l !hp De[)artmon: of Urban Studies 
and Pianmnq. M.I.T.) is analy/i.iq the procpss of 
ifiMovalirn tUinnq the last 70 years in-thr? Uni^od 
S: TPS. H'} IS focuisirg on the response of police 
p.MS')'^n.e^ '\r.i\ Wnr,'- do fncto unions to allempted 
irVM^v it'ons !;oth tecfinolonir.al and orqani/a- 
••or; \\ Thi.sVffoit is a:nif?cl at rtoviding guidance 
to those performing tho an,>lyticnl modolinq ro- 
q.'Mciir^n the projected rosponsn of police per- 
so.'MuM and their ur^ions to mnr^vattons that may 
.-'Vi^lv' ffO'Ti th^-^ nioro nni tovv technical v/ork. 
r«;q(^iS'jns effof-s should shod liqht on.con- 
^!r }in!s Inat ()!hpjv. tso rntiy fnve KMnamed hiciden 
•ji't.l .•♦ft<:' atlrMur^toH imp'fvnpnt Uions and they 
sh^Miid s-icnr^s* isor^cts of vafu')iis inncvaVons 




that police unions may find attractive (as w^^II as 
unattractive). 

4. Resistance to Outside Technical Assist- 
ance. Until recently, there has been no provision 
or motivation for agency' administrators to call 
upon outside experts or consultants for assistanoe 
in helping analyze an operational or planning 
problem. In police departments, for instance, 
several well-known police administrators have 
stated that outsiders have little to contribute be- 
cause they have had no on-the-beat experience. 
This attitude in a manufacturing firm would re-' 
quire all executives to start as assembly-line 
workers. Until the recent initiation of Federal 
funding programs, it has precluded successful 
interaction of professional problem solvers and 
agency administrators. Moreover, in those few 
circumstances in which such interaction is funded 
locally, the 1 or 2 per cent of the budget for out- 
side technical assistance often receives the most 
careful scrutiny and subsequently the sharpest 
cuts, apparently neglecting the fact that 90 per 
cent or more of the total budget is consumed 
directly by employee salaries and fringe benefits. 
Thus, the operational problems of these agencies 
only recently have become known to those other 
than agency employees. 

This situation has contributed to the delay 
of urban public safety services in modifying and 
implementing various mod_ern technological in- 
novations that could markedly improve perform- 
arice and productivity. One example is the com- 
puter. Urban public safety systems (and many 
other governmental service systems) are years 
behind their industrial counterparts in incorporat- 
ing the computer's capabilities in day-to-day 
planning and decision making. Prof. Kent Colton 
fan urban planner at M.I.T.) is continuing a multi- 
year survey of more than 150 police departments 
to determine what factors have led to delay in 
computer implementation and which departments 
have the interrial ca[)al)ilit;es to be intelligent 
consumers of computer services. He is also work- 
ing to project the use of computers in such new 
application areas as resource allocation, com- 
mand and control systems, and automatic vehicle 
monitoring systems. 

0. Operational Comf)lpxity. the phy.sics that 
(governs tho operational behavior of urban public 
safety systems is complex and. at this time, poorly 
understood. This lack is due to several circum- 
stances. The exnct times and locations of de- 
mands for services cannot be determined pre- 
cisely in advanco. The time required to service 
an incident is lik^wis^' unprodictable There are 
many priority or irripoi taricc* h?vnls of ipquost.s 
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for se»'vice. There are often many cooperating 
emergency response units within a region, making 
the number of highly interdependent status and 
performance variables quite largo. • Tbere are 
needs to have point-referenced performance mea- 
sures (e.g.. average travel time to an emergency 
at a particular address) as well as area-referenced- 
■ performance measures (e.g.. average region-wide 
travel time). Each of these factors adds complex- 
ity in the operational analysis of these systems. 
Thus the understanding of the physical behavior 
of urban public safety sij^slems is still in its em- 
bryonic stages. 

The simulation model to be discussed later 
in this paper represents one tool for studying the 
physics of these systems. Others now are being 
developed as part of our NSF-RANN efforts.^ 

Undoubtedly, there are still other factors one 
L might cite when discussing the difficulties of im- 
plementing changes based or methods of opera- 
lions research and related types of analysis. As 
Illustrated above, the approach used in our NSF- 
RANN research program includes the identifica- 
tion of social, political and bureaucratia factors 
that are at least as important as the technical 
results of the analysis, and the study of these with 
an eye toward instilling innovation as a common 
practice within these systems. In addition, as new 
quantitative tools are developed in the course of 
the research, we plan to document each quantita- 
) live model or procedure with an easily under- 
stood case study, selected from and with the 
concurrence of one of several local cooperating 
public safety agencies. To the maximum extent 
possible, we draw on the expertise of one or more 
of the administrators of the selected agency or 
agencies to obtain the following: 

1 A more roalistic c^so r.tudy. includinq 
often ill-dofinod legal, political and social con- 
stiaitils. 

2. A sensp o^ tfio limitations of the particular 
(]uantitativo iT^othcVi under study. 



' S( p for ^^-.impU^ C L.'in^on. " A Mypercut)-^ 
Ci;f.(jinq N-.:)dn! f-'^r r.nhty L"(m!:.'vi ami r^rdiStnctinr; 
i.'i Urban Emcrc^or.cy StHviro'"- Jatjrrh}! of Compatnr<; 
,rui Op,'^r,]tion:\ nr^if jrch, \/n\ 1 N'n 1.1974 n.C L.jr- 
';on. I'ltjMr itivf' P'jiice Sector f^niCMqfl Distr'Ct A in 
Ro<;ton. ■ Ur!),in An.ifyi;i<,. Vo' ? No ?. ]97A. Q. I. 
Cimpb(»'l. A Sf\it',iHy Di^\r\iuitiHi Otiomruj Modc^i for 
Pohco P,itrol Sector Dc'<iqn Tfic.hnical nr^poM Nc 75. 
Mir Opi»r.*i?ion*; fU^'^'.'.^rrh Crf^pr. CimhridqP MH'^^] 
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3. The understanding and cooperation of 
the agency. 

4. It is hoped — the commitment of the 
agency, to implement the method at least on a 
trial bas'^ 

The Relevant Quantitative Tools 

Before one of the recently developed quanti- 
tative tools is detailed, the mathematical modeling 
methods that are most relevant are discussed 
briefly. These methods are presented in a new 
M.LT, graduate course. "Analysis of Urban Serv- 
Systems," which has evolved from the recent 
NSF public systems work at the M.LT. Operations 
Research Center. ^ 

Geometrical Probability — One relevant tool 
is geometrical probability, a branch of applied 
probability that has seen successful application in 
astronomy, atomic physics* L>iology, ' crystallog- 
raphy, sampling theory and virology. ^ However, 
the techniques of geometrical probability have 
not been widely applied to urban public safety 
systems, probably because most previous applica- 
tions have been in areas far removed from urban 
problen^s. Yet geometrical probability concepts 
are particularly relevant in examining problems 
in\iOlving spatial interrelationships between re- 
sponse units of urban public safety services and 
demands for their services. For instance, given 
the spatial distribution of police patrol units and 
incidents throughout the city, a police adminis- 
trator can predict neighborhoods that receive 
inadequate cove'rage in anticipation of various 
types of emergencies that might arise, the work- 
loads of police units in each of the areas or the 
likelihodd that the k\h closest unit would require 
more than t minutes to travel to the scene. Geo- 
metrical probability techniques are important in 
planning situations in which an administrator 
examines how ^.Jternative numbers and position- 
ings of units in the field affect the performance 
of the system. 

Generally speaking, the models developed 
that use geometrical probability methods have the 
advantage of indicating first-order interrelation- 
ships among parameters. They thereby improve 
intuition and provide guidance to administrators 
who may have to incorporate other nonquantifi- 



■ S'^f^ C. LarsOfi. " A Nnw MIT Craciuato Course? 
Afi.ilysr, of I j( }).iri r.^TviCi' oy5;!onis ' Urh.in AncilysiS 
V.-.I. 1. No. 1. 19/:^ 

r M. (^1 K(Mid.ttl and M A f» ^/nf,Ul (iHOnU't- 
(ic.}l Pr()h-)hf!ity Charlt-^. Cififfifi .irui Co LufUlon. I9()3 
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able issues into tlioir decision making. Thus, 
these models indicate the general nature of the 
effect of adding more units in a certain region, 
installing a high-resolution car locator system, or 
designating particular units as specialists in cer- 
tain typos of incidents. Rather than yiBtdtng 
precise numerical "answers" as one finds with a 
complex optimization model, these models typi- 
cally offer a range of policy options in which the 
user can incorporate political and legal con- 
straints perhaps not included in the :,iOucls. Thus, 
the methods provide a general tool f6r analyzing 
operational' questions, but they do not purport to 
provide precise answers to ^^3 problems. 

Multiserver Queuing Theory — A second class 
of relevant tools derive': from multiserver queuing 
theory. A queuing situation evolves when a popu- 
lation places exr .'ssive demands on a limited- 
capacity service system. For instance, a city's 
population generates the need for ambulance 
service. If too much service is required in too 
short a time period, certain requests for ambu- 
lance service may have to wait in queue .until 
ambulancos become available to respond. An ad- 
ministrator would want to examine the trade-offs 
between the costs, of additional ambulances and 
the delays mcuired with different numbeis of 
ambulances. This type of question can be ap- 
proached from ,a queuing theory point of view. 
The important new featuie in applying queuing 
ideas to urban public safety services is the close 
interielationship botwocn spatial positions of 
servers and demands, and the time sequence of 
arrival times and service completions. Such 
spatial and temporal interrelationships are rela- 
tively unexplored in queuing theory r.nd are pro- 
viding an important area for current research. 

Aqain. quouinn models are useful for obtain- 
iiic frst-Ofdor interrelationships amonq para- 
meters r;.p''ed to urban safety services. They 
already [?;,vo provicied insinhts abo'.'t the placing 
of boundari(}b *ir>twoon anitnilance garacies. the 
location of facilities tru; number of oatrol units 
needed to provide accootable lev^l of service 
and the amount of cross-a. strict dispatching that 
a system is likely to !ncur7 

Notvvorks and Algorithms 

In recent years interest has been focused on 
network problems and algorithms based on math- 
ematical proQfamminn te-^hniques. The applica- 
tions of those techniques to the urban public 
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safety systems area include problems of design of 
transportation, communication, distribution, and 
collection systems. Other applications are more 
unexpected; design of work schedules, work force 
size problems, design of hiring strategies, and 
optimal location of service facilities are among 
these. ^ 

Simulation — When complex combinations of 
policy alternatives are being contemplated in an 
actual urban environm'ent, analytical models are 
used first to achieve certain insights and to indi- 
cate important unresolved problems; then simula- 
tion models are used to examine the policy al- 
\ernatives in detail. 

\ Simulation • of urban public safety systems 
presents many new probleras o^ot ordinarily faced 
in more usual situations. To be effective.^ such a 
simulation. must be structured to reflect fully the 
spatial relationships inherent in the operations, as 
well as the sequential time nature of events com- 
mon to many systems. The spatial organization of 
the simulation must be sufficiently general so that 
one can readily examine problems involving par- 
titioning of a city into various service districts 
(e.g.. ambulance or hospital districts, police patrol 
sectors), spatial distribution of response units and 
incidents within districts, and determination of 
preferable dispatching strategies. 

A Simulation of Urban Police Patrol 
and Dispatching 

As part of oui NSF-RANN work we are devel- 
oping a number of quantitatively oriented tools to 
assist decision making based on the'methods cut- 
lined above. Some are just now at the point of 
inception, whereas others are well down the road 
toward implementation in operating agencies. In 
the following paragraphs we describe a simula- 
tion model of police patrol and dispatching that 
falls in tfie latter category. It was developed under 
NSF support at MIT several years ago and now is 
being implemented in severaf police departments 
in the United States and Canada. Continued re- 
finement and analysis of implementation results 
is an important part of our NSF-RANN work. 

The simulation model is constructed to allow 
users to replicate ^o a very great extent the actual 
(Jispalch and patrol operations of most urban 



" Soo C Rovolif-}. D Marks and J Liobman. "An 
Ao.ilyGis of Private nnd Public Sector Location Models." 
M.moqOfJ-.cnt ScfCt\Ci\ Theory. \/q\ 1970. pp 692-707. 
Also N B HoUor Proportion,)! Rotating Schedules. 
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polico departrrikints. It provides thereby a tool to 
assist in answering c1 wide range of allocation 
questions. Police administrators should find simu- 
lation models valuableuor the following purposes: 

1. They facilitate olctailed investigations 
of operations throughout the city (or 
part of the city). 

2. They provide a coi^sistent framework 
for estimating the vatoe of new tech- 
nologies. 

3. They serve as training tools to in- 
crease awareness of the system in- 
teractions arid consequences result- 
ing from everyday policy decisions. 

4. Thoy suggest new criteria for moni- 
towng and evaluating actual operating 
systems. 

Earlier work by Colton^ reporting survey 
results from approximately 500 police depart- 
ments revealed that police view the use of com- 
puters for resource allocation as the single most 
important application of computers in the coming 
years. Simulation models and other analytical 
tools should play an important role in this work. 

Overall Model Structure — This section will 
outline the structure of the model developed by 
the author and its use in an on-line interactive 
mode. The simulation works in the following way. 
Incidents are generated throughout the city and 
distributed randomly in time and space according 
to observed statistical patterns. Each incident 
has an associated priority number, the lower 
numbers designating the more important incidents. 
For mslanco. a Priority 1 incident would be officer- 
in-trouble, felonynn-progross or seriously injured 
p^-rson: a priority 4 incident could be open fire 
hy jrant. lock-ou! or parking vi'^lalion As each 
mcideni bccomos known an attempt is mado lo 
assign (dispatch) a patrol I'mt to the scone of thn 
incident. In attempting this assignment, the com- 
f)i]tcr is pfoqrammnrj to duphcato as closely as 
possihio Ih'^ d'^CiSifUi-mnkinq an :ictual 

[Police dispatchnr h- cortain cas(?s this asstqri- 
ment cannot bo f^orfcumocj boc:auso thp cnnn<^^>- 
t)on level of th(^ forco is too hiqh. then, fho 
incident \('[){)\\ Kvhu;h rniqhl in acluality bn a 
rrMnpla-nl l:( krM) lOifis a ciufMio r^f •.v.utjnq rppnrl'^ 
Thn f]!M"»iir IS rjoi^{n<p;-i as p.itMij ijMiis br.'COfn<^ 
av.iiliibitv 

Tht? rn.;lp[ :s fU-^Riqn^\-j to st'jdy two qonfMnI 
c:!a.ssps ()i .\'^n\r).^\\ A\\\/n \).^\\riO^■ Ihp patrol rlt^- 



Ac 



ployment strategy, and the dispatch and reassign- 
ment policy. 

'The patrol deployment strategy determines 
the total number of patrol units, whether units are 
assigned to nonoverlapping sectors, which^ sec- 
tors constitute a geographical command' and 
which areas are more heavily patrolled than 
others. The dispatch and reassignment policy 
specifies the set of decision rules the dispatcher 
follows when attempting to assign a patrol unit 
to a reported incident. Included in the dispatch 
policy are the priority structure, rules about cross- 
precinct dispatching, the queue discipline and so 
forth. 

The model tabulates several important mea- 
sures of operational effectiveness. These include 
statistics on dispatcher queue length, patrol travel 
times, amount of preventive patrol, workloads of 
individual patrol units, the amount of intersector 
dispatches, ^and others. 

The simulation program is organized .to re- 
flect the spatial relationships inherent in patrol 
operations, as well as the sequential time nature 
of events which is common to all simulations. 
First, the spatial or geographical structure is dis- 
cussed, then, the time sequence of events. 

Geographical Structure — The city, of arbi- 
trary shape, is partitioned into a set of '*geograph- 
ical atoms." Each atom is a polygon of arbitrary 
shape and size. The atoms are sufficiently small 
so that any probability density function can be 
considered uniform over the atom. Such func- 
tions depict. foY instance, the positions of re- 
ported if^cidents. This partitioning does not re- 
strict accuracy of results, because the atoms can 
be arbitrarily small. 

A patrol unit's sector a coHnction of atoms. 
The atoms in the collection need not he con- 
tiguous (spatially) or consecutive (in the numer- 
ical ordering of atoms). In general, each atom 
may belong to any numbor of pairol sectors 
which are overlapping. 

A patrol command (for instance, precinct, dis- 
tnct. or division) is also a collectiof^ of atoms. 
Each sector must be fully conkaifK''d within a 
command 

Juno Scquonco of Evont^ — Tho simulation is 
an event'pnccd model. That is. once a certain 
snt cA operations associated with one nvonl is 
complolcd. tho program dotormjrio^ the next 
ov.Mil that ocuaji^^ af)ci U!)dat»}S a simulation clock 
[)y adcimq. tc) Ihr? prof^ont tirno. tho timo until tho 
next nvont Tho [Mnqram Ihpn procp'^rls with tho 
JVM of Of)orat!C)r^s assc)(aato:l with lh.il ov^nl 
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Once the clock reaches some maximum time 
(T ). the simulation is term.inated and summary 
statistics are tabulated and printed. One com- 
pleted run of the simulation entails inputting data, 
initializmg simulation status variables, executing 
the proqram for an equivalent tirhe 7 ■ and print- 
ing the summary statistics. 

The details of the various dispatching algo- 
nlhnis oi patfOl deployment policies are not 
included herd. But a brief discussion of the im- 
portant parameters at each point in the simulation 
is provided. 

The main typo of event that otcurs is a re- 
ported incident or a "cali for police service." The 
tinios of occurrence of calls are generated as in 
a Poisson process with rate parameter LAMBDA 
(equal to the average number of calls per hour). 
The grociter the value of LAMBDA, the more 
likely it is that the system will incur congestion 
(saturation) of resources. The location of the call 
IS determined from historical jipatterns which in- 
dicate the fiaction of calls that originate from, 
each atom: given the atom of the call, its' spatial 
location within the atom is assumed to be uni- 
formly distributed. The priority of the call is de- 
termined f{om historical data which may vary 
by atom. 

Once the position and priority of the incident 
.ue known, tlio progtam executes a DISPATCH 
algorithm. v\hich attempts to assign a patrol unit to 
the incident This algoiithm is governed' by the 
disncitch policy specified by the user. One com- 
ponent of thn dispatch policy specifies the 
qoogranhical area from which a unit may be 
viispatched' 

Option 1: Only assiqn a unit whose pa- 
trol sccto: inclucios tho qooqraphical 
atom containing the incident (a sector 
policy). 

Option 2: O'My assicui a imit whose 
f^roc^nct or distfict dosignaliofT is the 
?an^*^ as that of thf^ incident fa prodnct 

f)' C^StnCl fn'^liCyi- 

Option 3: Only jssiqn a unit whos ; dt- 
vis'on (lostonntif)''- is th(^ spnv ns that of 
t.':-* inrKl(^-'t (.i flivi^^inn policy) A divi- 
^- or. ( iV)S"StS of S(W»^f.ll piecinr.ts Or ciiS-' 
I'.CtS 

Th.' f).ut!riiLir (:;")!'on (mi a qiven run usuc^My 
i*; <;pfV:"lt(^('j jt thn ptvirt f.f th(} ruri. although the 
u^t « may cAv^or^o lo usn {ho intc aciive feature to 
.1'.: th'^ Misp i^f h nohoy rlurinq ttio cxnifSe f)f u 



Given that a patrol unit is within the ^correct 
geographical area for a particular incident, the 
algorithm then determines whether the unit is 
considered eligible for dispatch to this incident. 
This determination focuses on estimated travel 
time to the incident, the priority pf the incident and 
the current activity of the patrol unit. In general, 
the'user may specify a dispatch policy that allows 
verii important incidents to preempt (interrupt) 
patrol units servicing incidents of lesser impor- 
tance. In addition, the importance of preventive 
patrol may vary with each unit, thereby giving the 
u4er the capability of assuring at least some mini- 
mal level of continuous preventive patrol. 

If no unit is found eligible for dispatch, the 
reported incident is inserted at the end of a queue 
of other unserviced incidents. There may be 
separate queues for each command and each 
priority level. 

If at least one unit satisfies the eligibility 
conditions, it is selected for dispatch according 
to a prespecified criterion such as minimal ex- 
pected travel time. The assigned unit's priority 
status and position are ctianged accordingly. 

A second major type of event occurs when 
a patrol unit completes servicing an incident. A 
REASSIGNMENT algorithm then is executed that 
either reassigns the returning unit to an unserviced 
incident or returns the unit to preventive patrol. 
The eligibility conditions regarding priorities, 
travel distances, and geographical areas are 
necessary to specify a dispatch policy. They also 
constitute an integral part of the reassignment 
policy. In addition, it is necessary to specify how 
one unserviced incident is given preference over 
another. This part of the reassignment policy, 
called tho reassignment preference policy, par- 
allels the queue discipline in ordinary queuing 
systems. 

Location Estimation — If not all available po- 
sitiOfi mforniation is used or if the unit is per- 
forming preventive pcti; * the method of esti- 
mation of patrol unit position must be fipecified. 
Throe options are available. One simulates the 
information provided by an automatic car locator 
system The other two simulate estimation guess- 
ing procedures that are commonly found today 
in most f)olice opofations. 

Simulation Variables — The simulation pro- 
qi:\m can tabulate statistics on any algebraically 
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defined variable. Th|^' variables that have been 
recorfled most often in the autnors studies are: 

1. Total time required to service an in- 
cident, that is, travel time plus time 
at the scene. ' . . 

2. Workload of each patrol unit, mea- 
sured in total' job assignments and 
in time speiU of) jobs. 

3. Fraction of services preempted. 

4. Amount of preventive patrol. 

5. Travel time of a unit to reach the 
scene of the incident. 

6. Dispatcher queue length. 

7. Dispatcher queue wait, 

8. The number of intersector dis- 
patches. 

9. The fraction of dispatcher and/or re- 
assignment decisions for which the 
car position was timated, rather 
than known exactl> 

10. The fraction of dispatch decisions 
which were nonoptimal, ir the sense 
that there was at least one available 
unit closer to the scene of the inci- 
dent. 

11. The extra distance traveled as the 
result of a nonoptimal dispatch as- 
signment. 

As wilt be discussed below, each variable 
may be tabulated at any one of several levels of 
aggregatiurn 

Gn-Line Interactive Capab/7/f/es-^Fol lowing 
the initial creation of the model at MIT. a number 
of mdividuals and organizations have been mod- 
ifying and developing the model for various im- 
plementation purposes. Here we discuss ono 
such effort by R. Couper. K. Vogei arid J. William- 
son" which has been devoled to imploment- 
inq an easy-to-use on-line Input/Output package 
with the simulation. This effort has resulted in a 
program that is usable readily by someone with- 
out det:!i}od knowledge of computer operation 
the smujiation logic, or statistics. (Several Qthor 
Simulation development efforts are outlined in the 
next section.) 

■'R C'.jpt.'r K. Voq(>' J V;>ilj.>n^'W)r^ Final 



The core of the Input/Output package Is a 
sequential tree structure, which presents to the 
user the options available to him. If the user ex- 
presses interest in a particular option, details of 
use are printed- out, the level of which is de- 
termined by the responses of the user. Default 
options are standard, so that -if the user does not 
know what to do at a particular point, a simple 
carriage return yields additional helpful informa-. 
tion. A sample Input/Output session is depicl^jd 
in Table 1. 



TABLE I. Sample I/O Session 

Enter districts to be simulated (or enter "all"). 
15 (Italics indicate user's instructions.) 

Enter districts you- wish to modify. 
none ^ 

Do you want to change any variables? 
yes 

Simulation Variables and Their Values 

1. Length of simulation run = 2.00 hours 

2. Number of calls per hour = 

Distr. 1 2 3 4 5 6 7 11 13 14 15 
8 17 8 12 5 6 4 10 5 5 3 

3. Vehicle selection method = Strict center of 
mass 

4. Service time al scene and vehicle response 
speed 

Priority 12 3 4 

Serv, time {in mm,) 33 33 33 33 
Resp. speed (in mph) 15 12 12 10 

5. Type of simulation output City 

6. More detailed information 

Enter number(s) of those to be changed 
3.5 

1, Enter the length of th(? simulation in hours 

PO 

3. There are 3 vehicle selection procedures, 
tr-ey are 

1 , Modified center of mass 

2 Strict center of mass 

3 The resolution of a vehicle location 
system 

PUmso enter the number of youi choice 

2 

5, Do you want city-wide or district simulation 
output? 

district 
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Once the initial input/output session Is com- 
pleted, the. user has specified the following: the 
particular geographical data base he wishes to 
employ (these data are usually stored on disk), 
the patrol deployment policy (a standard one also 
is stored on disk), the dispatch procedures, the 
method of car location estimation, the length of 
the run and whether he desires to trace the simu- 
lation (and possibly interact" with it) while in 
progress. 

Following completion of the simulation, a 
LEVEL 1 output is printed. A sample is shown in 
Table II. 



Table II. Sample LEVEL1 Output 

STATISTICAL SUMMARIES— 
DISTRICT NO. 15 

The average patrol unit spent 34.21% 
of Its time servicing calls. 

Average response time to high-priority 
calls was 6.40 minutes. 

Average response time to low-priority 
calls was 7.27 minutes. 

Average travel time was 3.19 minutes. 

Average total job time was 34.59 minutes. 



This contains a small number of highly ag- 
gregated statistics describing the run: average 
travel time, average total response time (including 
queuing delay), average workloads, etc. The 
LEVEL 1 output contains no statistical jargon (for 
instance, variance or sample size) and no oro- 
gram variables, it is self-contained and self- 
explanatory LEVEL 1 output has been found to 
be quite useful for introducing police planners 
and administrators to the capabilities of the sim- 
ulation and for quickly eliminating runs v^ith 
obviously poor performance characteristics. 

At this point the user may request LEVEL 2 
Output A stimpU) IS shown in Table III. As can be 
seen, this level is less aggregated and provides 
average vnUjes of many variables by priority level. 
It IS expected that a sizable number of users will 
Unci the information presented m LEVEL 2 ade- 
quale f:)r cortajn high-level planmnq and dorision- 
making problems, such as determining overall 
manning levels. 

If the user desires even more detail, he may 
now request portions of a LEVEL 3 output. A 
sjnipifi shnw:i in Tjljle IV A.s one con see tfiis 




Table III. Sample LEVEL 2 Output 

Do you want to see LEVEL 2 statistics? . 
yes 

Statistical summaries — District No. 1 5 

An average of 34.21% of time of all units was 
spent servicing calls. 

The following units were substantially below 
this figure: 

■ Unit No. Unit Type % 
4 Wagon 0.00 

The following units were substantially above 
this figure: 

Unit No. ' Unit Type % 
1 Sector Car 79.14 

Average tinl'es.for each type of call were 
as follows: 

(Stated in Min.) 





Dispatch 


Travel 


Response 


Priority 


Delay 


Time 


Time 


1 


0.00 


1.60 


1.60 


2 


5.06 


3.40 


8,46 


3 


0.00 


0.00 


0.00 


4 


3.72 


3.55 


7.27 




■ 3.62 


3.19 


6.8l' 



The • average travel time was 3.19 minutes 
with regular spread. 

' 10.53°o of calls incurred a queuing delay due 
to car unavailability. 

0.32. aver, extra miles travel due to not dis- 
patching closest car. 

Average total job time (travel time + time at 
scene) by priority was: 

1 . 77.54 minutes 

2. 37.45 mmutes 

3. 0.00 minutes 

4. 18.05 minutes 

Th(^ aver.igo queue length for each type of 
call was 

1. 0 00 

2. 051 

3. 0.00 

4. 0 43 

Tht? ni-uinujm dolay in quouo f(;r each type of 
call was 

1. 0.00 miniilos 

2. 35 39 minutes 

3 0 00 minutes 

4 33 46 minutes 
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Table IV. Sample LEVEL 3 Output 

Do you want to see LEVEL 3 statistics? 
yes 

District Summary 

Over- Stand- 
all ard Maxl^ 
Aver- Devi- mum 
Parameter ^ age ation Value 

1. Workload (%) 34.2 28.6. 79.1 

2. Response time 

(minutes) 6.8 10.9 39.8 
-3. Travel time 

(minutes) 3.2 2.0 10.5 

4. Extra distance (miles) 0.3 0.4 1.2 

5. Total job time 

(minutes) 34.6 49.2 227,3 

6. Number of calls pre- 
empted for higher 

priority 0 ( 0%) 

7. Number of calls 
assigned to unit on 

preventive patrol 17 (89°o) 

8. Number of caMs 
assigned to unit 

assigned to sector - 1 7 (89% ) 

9. Number of calls 
assigned to cars 

other than closest 7 (37%) 

For which parameter do you want a further break- 
down? 
1 

Workload by Priority 

Patrol 

Unit 12 3 4 Total 

1 47 4% 17 6% 0.0% 14 2% 79.1% 

2 0 4°c 17 3% O.O^o 7.1% 24.8% 

3 0.7% 19.7^0 0.0% 12.5% 32.9^b 

4 O.O'^o 0.0% 0 0% 0.0% 0.0% 
Do you v..int hdco detail for any other parameters? 

For whjch p:uamotor J-.^ /on want further break- 
down'?' 
7 

By O'lority'^ 
no 

Calls Ass»anpf1 lo U^^^l or> F^rfvyr^ntivp Patrol 
P.i»ro! Unit Call^. Ppr Cont 

1 t 6 100. 0''' 

? 6 85 7^-. 

?' 83.3^-; 

4 0 0 O^o 



level presents many detailed statistics and can 
be of great assistance in very fine-grain planning 
problems — for instance, sector design. It is ex- 
pected that very experienced users usually will 
demand LEVEL 3 output before malting decisions 
affecting actual operating procedures in the field 
or at the dispatcher's position. 

Regarding the other on-line capabilities, the 
TRACE option, which prints out the details of each 
call, assignment and reassignment in real time, 
assists new users in learning the operation of the 
model and in developing a good intuition for 
system operation. The TRACE option potentially 
can be used for training dispatchers in new dis- 
patching procedures. In this mode of operation, 
the computer would request the user to rwake the 
dispatch or reassignment decision at the appro- 
priate times, and the standard DISPATCH and 
REASSIGNMENT algorithms would be by-passed. 
Once the dispatcher-user settles on a particular 
strategy he wishes to test in detail, he can stop 
the TRACE, input the control parameters describ- 
ing his strategy and run the model for a Sufficiently 
long time to obtain reliable statistics. 

Implementation 

At the time of this writing (January 1974). 
the simulation model described above and sev- 
eral other models being developed as part of our 
NSF-P'NN work are being implemented or are 
plann >or implementation in the following cities: 
Boston: New York: Washington. D. C: Quincy, 
Mass.: Newark. N. J.; Cambridge. Mass.; and 
Lowell, Mass. 

The work with Boston, Cambridge and Quincy 
is being supported as part of our NSF-RANN 
activity. It focuses primarily on various analytical 
models for sector design, dispatch selections, and 
preventive patrol allocation. The remainder of 
the implementation work, supported by various 
other agencies, utilizes the simulation model de- 
scribed above and, in one case, a resouice allo- 
cation algorithm.^' both of which were developed 
at MIT several years ago under NSF support. Their 
technical details now appear in the open literature. 
^ The following paragraphs outline a portion 
of this implementation activity, focusing first on 
the work in the greater Boston. area. Much of this 
work utilizes the so-called hypercube queuing 
model. '-^ which currently is being developed and 

S^e R. C u^jrson. Urban Police Pdfrol , Analysis 
{note ICT). Chapter 5 

' * Sc^ oxanipJo. i< C. Larson. A Hypercube 
Ouewng Model, op. cit ' M. C Larr.on. Illustrative Police 
Hcdo^lgn: G L Campboil. op rit ; arni J P xlarvis 

op Cft 
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oxtendec under NSF-RANW support. 

Boston — The Boston Police Department an- 
" nounced Sept. 18. 1973. the larcjest change it had 
ever made in its policies of patrol manpower 
allocation. The total number of cars on the street 
was increased from a daily average of 179 to 261. 
an Increase of 46 per cent. Commissioner Robert 
J. dlGrazia announced that the department s new 
"Maximum Patrol and Response Plan*' v;as the 
result of a five-month study by *the. Police Com- 
mand Staff, the Bijreau of Field Services, field 
personnel and consultants. During July, a case 
study applying the hypercube .queuing model* to 
District 4 in Boston was done by the author in 
response to a request from the Police Command 
Staff. Copies were distributed to the Boston task 
force The mihal focus was on District 4 because 
th:it district contained nearly an entire "spectrum 
of noiohborhood characteristics to te found else- 
•vvhefo in Boston. Thus, it was felt that if the plan 
uo^ked in District 4. it would also work in the 
'>thor' Boston police districts. 

Several quantitatively based objectives pro- 
vin-.^.i the gciis of the reallocation plan: 

1 Pfovido ifnmed'ate response (i.e. no 
queup delay at the dispatcher's posi- 
Iron duo to pafrol unit unavailabilities) 
fof .it least 95 f)er cent of al! calls. 

? Aporoximately equalize workload per 
r.H. 

3 P'^oViOe about ^0 pcM- ce.nt of street 
'.■mo \cr p.'UfO^ 

■y^^'^ Uis!:-iC! 'i Cornrn tf^dpf . Deputy Superin- 
Joseph J')rrf.i^i rf^porteci that 93 per, 
' '-"^ '** (mMs -/.(-ro ans'/.f^f^H nnmrdiatelv duri."o 
1 ;M)i"":'-f !.itKj': t; D stuct A. usinq numbo'S 

.'^ c 1*' :l i.M-ts v':e''Vf?i"} fo^n qiinuing ar^alysis 

\V;'kl.).i'!s v.'M*^ tiiS!' .hijtrul very unevenly 

' f'O }I's ? ihf-'.it thfr'(^ fioufs dunnq thp 

: jy ' i ;rs r -r't ^"^^'0 t'-vo h.";ij'S :n thr^ rafly 

• 1 ^r.-'* \i. :.r.^,'ni ( :rc; Q'Slnct 11 (Dor- 

.♦•••S". '. .-..^M. ir^^.'.fr frif rnO'O than S'X 

M , :'<^ *r^.- .! ly vJ!l.:.»':y :\-\ uf th»' I dli'- 

: • S :*n f ■ if iy 'r- .' '.)\ri\ shift 

P.,' f^^.p'f*.- ^ p-t;T:c' 1 • :\'- >, ;.\^r.» nftcn un 

• Tfi-' ;^p-.'. pl.i-! \i) Qfvf? it 

: :. r- i .i: t«-.!''\^> r«"|f^:f'^: . inti / n 



Examining the computational results of the 
case study, the Task Force felt additional work- . 
load and travel time inequities due to .geographi- 
cal factois could be significantly reduced by for- 
malizing a procedure for intor-district dispatching. 
Thus, a sectot which may have been '^outlying'"' 
in one district now may assume a new central 
role if its patrol unit is dispatched to call's in an 
adjacent district. The converse is true for units 
in the adjacent district. 

The extra manpower required to implement 
the new Boston allocation policy was drawn from 
sworn polica personnel performing clerical func- 
tions. The Task Porce found that many clerical 
functions were unnecessary or could be handled 
by other agencies. IVtany non-vital clerical func- 
tions were eliminated, including such functions as 
duplicating at the district level records available 
at headquarters. Nev/ organizations were drawn 
for district personnel and nevv' procedures de- 
veloped to speed the remaining paper work, 
thereby making • policemen who previously per- 
formed clerical funcliofis available for street duty. 

Cambridge and Quincy. Massachusetts — Use, 
of the model by the Cambridge.and Quincy Police 
Departments still is at a more preliminary stage. 
The cfirectors of planning and research of botfi 
ciupurtrnents are now collecting the data required 
to operate the model. Both plan to perform the 
sector-redesign iterations themselves, using the 
computer programs developed at MIT. 

The Canibridge sector plan has not been re- 
desiq.ied for more than 20 years, and there is 
evidence of marked ine(juities in patrol v^orkloads. 
An officer assigned to the most centrally located 
sector has recent'y complained to planning and 
rf-scMch staff abcuJt the operation of his police 
f..ii rarl'o H*^ w.is ask(?d. 'What is the matter'^ 
Doesn't it woik?" He responded. " Yes. it works — 
thnt s the f)robleni. Every time I m free. I'm being 
sent to someplace .'Mst^ in Cambiidge on another 
.is'^iqnmrnt. " NaturnMj/ th(^ Cambndqp Director 
of Police Plannir^g and Research hopes to reduce 
!his workload burden by exploring different sector 
dnsign options v.ith the aid of the model. 

T[i(> Oumcy Police Drp;utmnfit is pertorn^inq 
.1 [)r(j;nl'b''iS(Hi operahon.il analysis \]n(ier a qrant 
for innovative p'.inninq supported t)y the Massa- 
chusetts Governor's Public Safety Committee. 
'This cortin^ittec^ js the state planning agency in 
r^assachusf^Ms for the Lav/ Enforcernrnt Assist- 
a.'ic'* Aiim'nis!r,it''M^ n[ \\m) IJ S Department of 
JusliCC' ^ Part fjf this activity requires uso of 
}!y^(\U nnrl ':;tfr.iil.:!io:i rtwxipis of pohce activity 
U) rnrwovp pl-HHiifK) .uhI d'lytoday docision 
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making. The City of Quincy, situated on Quincy 
Bay. has many natural and man-made barriers to 
travel; theretiy limiting the nurnber of feasible 
*altern.'>tive sector designs. The Director of Plan- 
ning and Flesearch is therefore particularly inter- 
ested in learning the magnitudes of the effects on 
• performance discussed here in a Boston context. 

Both the' Cambridge and Quincy imp'^menta- 
tion experiences will be documented ai 'eports 
of our NSF'RANN project. 

WashingtcJn, D. C. — An off-line version of the 
simulation model is being created and imple- 
mented for the Washington, D. C. Metropolitan : 
Policq,pepartment under the technical guidance 
of Maihematica. I'"»c. and with the support of the 
Law Enforcement Assistance Administration.'-' 
Here the city's geographical structure is modeled 
. as a set of discrote points, rather than polygons, 
each point corresponding to one city (surveyor) 
block. For Wai^hington. D. C. this represents ap- 
proximately 4.000 points, or sufficiently fine-grain 
detail... to make the model useful for sector re- 
designs for the 138 spout cars distributed through- 
out the city. The selection of a point geography 
was Ipased on detailed block-level statistics avail 
able for, Washington. D. C. and on the ffict that 
an off-line model need not produce rapid turn 
around times (in the same sense as an on-line real 
time model). This effort beqan in January 1972. 
and is reported in periodical publications of 
Mathematica. hic. and the Washington. D. C. 
Metropolitan F^oMce Department. • ^ 

Now York — The New York^Cify Pollee De- 
partment in Auqusi 1972 contracted v^ith the New 
York City-Ranr.i Institute to adopt the on-line sim- 
ulation and a resource alloCcUion algorithm to the 
special -oqiiiromonts of Now York City and to 
implornrrnt thoso tnolf; fo'' riivily^is '^f tho pritire 
pat-'Ol forcn ^distf 'bulod throufihnut 7fi f^rocincts 




Jn over 700 regular^ radio-dispatchable patrol cars, 
plus special-assignment cars and radio-dispatch- 
able foot patrolmen). -The Department eventually 
hopes to provide each precinct commander with 
a readily understandable set of on-line decision 
tools, with easy terminal access from each of the 
75 precinct station houses. Thus, it is hoped that 
these tools will be used for short term decen- 

.tralized decision making, as 'well as for longer 
term centralized resource allocation, and planning 
and research. As of the present writing, this . 
project still is in progress, and draft reports are 
available from the New York City-Rand Institute. 

National Research Council of Canada — Dur- 
ing the last two years, F. R. Lipsett and J. Arnold 
of the Radio and Electrical Engineering Division 
> of the National Research Council of Canada have 
f; reprogrammed the version of the simulation m«^f§l 
^ detailed in lj.arson (1969) to adapt the prografihs 
td their computing system. Their work is currently 
In proaress, aimed at determining the potential 
usefulness of simulations to both small and large 
• police forces. They have successfully simulated 
.a cooperating police force near Ottawa (Glou- 
cester Township) which operates with five sectors 
and . five patrol'* cars over, a 125 square mile 
regionJ^ Their curifent work, now at the data 
* collection stage, is with .the Ottawa Police Depart- 
ment.*' Documentation should be available early 
in 1975. ' . * 

\ . *■ 

'■^St^e H. F. -Millor fir.i D. A Knqppers. "A Com- 
putet' Siniijlalion of Polico Dispntcning -cind Patrol Func- 
tionr.' * Paper presented nt ttie 197? Intornntlonnl Sym- 
posium on Cnhinai Justice. Information and Statistics 
Systems. New Qrie.ins. La.. 197?. 

' '^Seo F. R Lipsett and J. G. Arnold. Simulation 
cmd An^iiysis of tho Patrol Oporations at a Semi-Rural 
Police f'orco DoCTimont of IMr Radio and Electrical 
Kfujinoon'^n DiviywofK Ntition.jl Ror.e>irch Council. Ol- 
Ontario, 1973. 
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Although ll'o v'j of this »s "Telecommunica- 
tions in He;:il'h Care Delivery.' It would be better 
stated as ' Problems and Possible Solutions for 
•-leaj^h Care delivery," I would like to share with 
you my views on some of the problems facing 
our health care system and to review a telecom- 
munications program under way at the University 
of Miami School of Medicine that attempts to 
ccime to grips with the major criticisms of our 
existing system. 

Our research program, which will be carried ^ . 
Cci in conjunction wi^h the Department of Hos- 
pit'^ts of Dade County. Fla., aid Westinghouse 
Health Systems Division, is supported by a 
$900,000 grant from the NSF plus more than 
C250.000 in cost-sharing contributions by the three 
principal parties. The program will develop ar^d 
evaluate a new telecommunications system for 
noaith-care delivery. It is intended to upgrade 
thp quality of medical care in a prison environ- 
ment The system provides for the utilization of 
Hifo:mation processing technology foT patient his- 
t';ry ^aking and the application of video telemetry 
to provide readily accessible supervision, consul- 
tation and continuing education for the n'lrse- 
Ciactuioner. It involves the use of nui se-practi- 
rioners ^or the provision of primary health caro 
f-piv.cf>s While none of the components of the 
systt-m 'AOiiIrl bf^ considered new or unique the 
mtpq/. :u-on of the??' co?^monents into a single 
«;y?;tem hns not boon clono or evalunted beforn 

New Demands 

As you are aware, over the past decade wo 
v.ttr.esseJ a growing demand on our medical >e- 
sources Despite thr^ signifiCc.r^t improvomenis in 
the basic sciences and public health arcMS. thn 
puPlic has boof^ incroas'nqly ;\y/::\io of tf^n doTi- 
ne-Kies so'nn ar>of^cts of thp ort^son* system 



Inaccessibility, lack of continuity, uncertainty 
auout quality and rising costs have characterized 
the public's frustration in attempting to achieve 
even the simplest measure of^liealth maintenance. 
We have been unable to provide every citizen 
who needs medical care, comprehensive care — 
when Ke needs it. where he needs it, at a reason- 
able cost, and with some measure of assurance 
of continuity Of quality. 

It is clear that any attempt to change the 
existing system (or, as some have stated, non- 
system) must be done critically and with a firm 
commitment to evaluate whatever is done. De- 
spite the feeling that changes need to be made 
rapidly, it is clear that solutions cannot come 
■ overnight.' While tradition cannot justify main- 
taining the inequities of the present situation, a 
new idea cannot simply be equated with a proven 
solution. It has to be evaluated. Any new system 
has to be based on a clear understand>ng of what 
the problems are. What are theyf Some of the 
major^ problems are distribution ot physicians, 
lack of continuing education, defining and pro- 
viding quality health care, inefficient Jask Identifi- 
cation the attitude of univprsities and rising costs. 

Maldistribution of Talent 

Many have stated that a prime reason for 
the inability to gel medical care is a shortage of 
doctors. A mo^e critical analysts would indicate 
that insteacJ of our ^ ving a doctor shortage, we 
Simply have a malo. '. bution of health care pro- 
fessionals Maldistrib.'i'O/i is a fancy way of say- 
ing that we simply have too mr.n/ doctors in some 
ar(?ao and not enough m otivjrs I sugq^rst lhat 
•AT; might possibly hav(» enough health profes- 
^ir)nnls if thoro were some w;iy to sprnacJ them 
:i»ounri a little moK^ equitably 
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Studies of the concentration of physicians 
by- geographical area of the country show that 
proportionately three times as many doctors arn 
in highly populated areas as are in lesser pop- 
.uJated areas. Thus, rural areas are medically 
isolated because of geographic constraints. How- 
ever, urban areas, are hot immune to this maldis- 
tribiAion problem either. The nursing home pop- 
ulation, the ghettos, the migrant worker areas 
and the prisons are subjected to medical isola- 
tion as a result of social, economic and cultural 
constraints. 

Compounding all these issues is the growth 
of specialized medicine. Practically dverybody 
these days is a speciali.«t. There are'/nany reasons 
for this: . 

1. The vasl amount of medical knowl- 
edpe makes it difficult to encompass 
anything but a well defined area. 

2. The specialty boards have shortened 
the time it takes to achieve specialty 
certification. 

3. As a result o'f' the emergence of pro- 
fessional standard review organiza- 
tions that may define what type* of \ 
patient or iHness a doctor can care 
for. .the growth of specialization will. - 
be fertilizer. 

But Vv'hatever the factors are. it is clear that 
specialization necessarily breeds concentration 
oi health manpower and technology (i.e., mal- 
distribution). 

A number of solutions nave been advanced. 
.However. I do not feel they really come to grips 
with this problem. Interest is growing in the 
development of a national health insurance pro- 
gram. Now. this nidy hnip eliminate somo of thn 
economic barriers to more equitablo health earn 
But It will do nothing for the social and geo- 
graphical barrleis. 

Omo of tho more popular i(1o:]s that has boer^ 
proposed to effect a change in tho makiistritrjti(;n 
iVOb^Mii IS tho rocruitincj nf medical pr ofession.ils 
*^}ni the 'nodicnlly de^pnvefl areas This ide:i 
Aould have tho trainer! nr ofossion.ils return to 
!Mi^ .irr.MS ijiiO'.M sonu'thtr^] 'A ;\ b(U)tsti.ip Concept 
Althniiqh It IS too "^orjri to t;(^ conchisivo. very 
!o,v •ippi.'.!- to DC letuinmg 

F-')i '^^ose -.'.ho have co'K:li;(j('M tn-^* /.r? n wf^ 
i ■■ioc!')i sMD^t.iq^ ^-ith'M [h:\n a distf ^biit'on prop 
l^^-i* the Sol;;-.i "is pf-')f^)SP'l Mavn lo .ncrr is' 

r^umber ■.'>( '.joctor5^ tha^ v.n quKlii As* I 
h m 'M'f^u 'nrirjo t.lea' !his vm'I p:o[}.'il)!v 
• f.M.'j » , ft;.^fhf.} u-i« iw ii lif;lf .:ii;t;oM I'l j 'f^as rv^^ 



^ distribution systems that significantly extend the 
."opacity of individual physicians geographically. 

) Cu :ii iUing Education 

The next problem is something of a classical 
challenge. It concerns the absence of any effec- 
tive continuing education program for practicing 
physicians. It should be obvious that improve- 
ment in the medical education delivery system 
must be a prerequisite for any effective improve- 
ment in the health-care delivery system. Yet. in 
-point of fact. 'the . medical education system' is 1 
open to criticism on all the bases as that directed 
at the health cpre system: maldistribution, lack of 
continuity and no standard of quality. Once the 
newly graduated medical student completes his 
internship and residency training, he emerges 
into practice and a "catch-as-catch-can" method 
of keeping abreast o* new developments in his 
field. In addition, an i h^rent discrepancy exists 
between the type of health care to which the 
medical student and resident is exposed in our' 
teaching hospitals and the day-to-day health care 
needs of the community. In many cases, medical 
schools and their affiliated hospitals and clinical 
operations have become referral centers for the 
most severely ill, those with rare diseases or 
those requiring crisis type of therapeutics. These 
circumstances give the developing young physi- 
c'\aQ too specialized training and a rather un- 
realistic view of the actual day-to-day health 
ncods of society. 

More often than not. the patient s illness is 
not as specialized as the expertise of the physi- 
cian caring for him. As an example, the patient 
who has a heart problem and diabetes will be 
cared for adequately by the cardiologist for his 
cardiac problem, but will probably also need to 
be sent oy his cardiologist to an endocrinologist 
to handle his diabetes. This becomes group prac- 
tice by default rathor than design. It is a paradox 
that 90 per cent oi more of the physicians get 
the bi..lk of their practical oxpeniMice with l(?ss 
than 5 per cent of the patient population that 
actually roquires a physician's care. The inap-^ 
propriatencss of this system is further magnifieci 
t;y the fa^jt that thf^ mndicn! educator has become 
a ^[)ocia|ist hiniso!f As a result, his ability t.j 
pr-.wide a broad-baseci educational proqrani is 
h.unpercKl. 

Quality Definition 

'.]{)x\ pro[)l*M)^ ■:.(' face is critical !Oo 
tlws IS thf pioi^U^n ot <!pfin!{>r| and tfn;r' piovidniq 
'|:jality health cwc ' Tm Uh' o itifMit. (Hirihtv i'" 
lf ?!M.'d 1" terms of ha^^.r-q a r;.vii^oi ta.l)le and 
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relatively quiet room or a warm bod pan. Quality 
to the patierit is a nurse who responds quickly 
to a call or a doctor who has a pleasant bodsidf> 
manncM. The physician s peer review board, how- 
ever, tends to view the quality of a doclor s care 
in teiine of whether or no.t he has followed the 
appropriate diagnostic and therapeutic approach, 
whether he has under or overutilized the lab- 
<:^ratoiy or X ray facilities, whether he shows cvi 
— ^dencc of having kept abreast of the latest deveN 
opnients and whether he has taken post-graduate 
courses. 

/ It ts not difficult to see how the good doctor 
* N.oni the patient's standpoint mig>it not meet the 
quality standards established by the physicians' 
colleagues It is ther^efore important to recognize 
that we must at all times know from, what frame 
of reference we are evaluating or measuring qual- 
ity — thr patient's or the? physicians. 

Also while the m^easuring ruler Is not difficult 
to fJofine. it r7iust be understood that it is a relative 
mrMsure requiring constant change determined by 
the advances In lesearch Today*s quality health 
crare rnay, b^^ substat^dard tomorrow. In addition, it 
should be apparent that in this concern over qual- 
ity care, accessibility does not equate with quality. 
While most v\ould agree that providing a physi- 
cian to a patient who previously did not have one 
improves" the health care system, this may not be 
a loq-ra' cause-and-offect relationship A well- 
TO, •:•<:■{•] physiCian v. luj has 'not kop! abre^ist riuiy 
:!o '>':'*fn njMTi than good. This premise also holdf^ 
•fu^'' ^-'f our (;';i^cr-f)t of cof^tmuity of care as a 
C'i!-c.:;' n.ir! of ci-.ialitv caio. Having to see a 
,!.ff^^-t'n: -y^hys vi'A"- v.'Ach ti'ljie you are ill. each o- 
^-v -n ly [)o uf^uiiilia- V.'ith your previous COrv 
*r:r aomIii [)p cnns.dprf^i poor cor^tifUjity o! 
( !'»' trw"-''(iM' poDi duality Ci'r Howi^'VPr. 

sr-.. no !^^«- s.iMU- phyS Tuin i.* iCh tfiif? ycnj iili* lil 
I [;'>Y'«:r i' v.ho li'Ml.iN^ tri c1iaq?v':sr- the cofuii- 
• V-'-: •■■■iw^ h»v u;sp h.» h.js no! k'^ot abf(\KS* 

'^d: » f^f'tiV*' C!M.il:ty < i> ( IH' 

Inefficient Task Identification 

Thf Mpxt ptv'Mi'in :s .irtii.iDy vf^'.ll dif^nuM^l 

t.jt\M, ■■j«-rr«ifi\ I'ifjr; I SfK.wK of [ho o< (if^finif-fj 

if Hv Ah.i: tf 'S (j.-f !nrs r^rHy fiiuiors 

*;!'■•.':!•! rj-. :r f ifi: vr* "f] :!M"-J:f:.il \'.(^ wfi:ch 
•■* ■'^r. i\- i:ti' s c t)f' ppff ";nioo r:-ipi;i[^ly 

It. .J S{^^', Pv «*lh^ Vi.;''y ''-y crWInaqiiOS t»- 

r. l;v ^^'ly^' -fj th.il ,?/' f'^.f"jic" i! !'0 it'M'M^t nujairi- 



one of my professors In medical school — that 
most of our patients get better despite what we 
do to them. » 

There is no doubt that many common ambu- 
latory problems can be handled by a nurse or a 
paramedic as well and as expeditiously as by a 
physician. The physician spends too much tifne 
recording data (information) from the patient — a 
function that can be handled either by a nurse or 
automatically by machine. He does not have 
enough time to analyze and synthesize the data. 
The latter Is what he must do and has been trained 
to do. It is quite obvious, however, that the intro- 
duction of paramedics, nurse-practitioners, com- 
puter technology or any combination of. them will 
be an emotional as well as a professional Issue 
not only for the physician, but^clearly also for the 
patient. I am sure that most readers would prefer 
to have a physician record their history rather than 
some machine, even'if I could prove that the ma- 
chine could do it more efficiently and accurately. 
Thus, we must combine much patient and physi- 
cian education with the appropriate amount of 
understanding and willingness to try new meth- 
ods For It is imperative that we provide a riieans 
of extending the physician's service capacity in 
tprms of the number of patients he can serve. It 
must bn made clear that new technology and 
nurse practitioners are not substitutes for the 
ohysicpan— they are expanders of hts canabiiities. 

Attitude Problem 

Problem No 5 concerns rtself with the atti- 
tude on the part of the universities towiMd the 
inadequacios of our existing system. The re- 
sponse has been predictably polarized, either re- 
ar.lK^n reactionary. 

Tfip rfjaf:tion is gfjneratecl in part by the reali- 
/.it'on that the advances m the biological sciences 
havf^ nr)t been proportionately translated into an 
cffpctiv** fjnlivery system This reaction has taken 
rrif ^nrn f)f over -COmntitnu.-nt iri \hr> of healtfi 

carp fU^livPfy — char actCM iz(^d best#iis an attitude 
pf sorvice without science Departments of Com- 
mufvly MecJir nc; have sprung up everywhere and 
:h(^ disciplines ' of family medicine primary ca'^e 
physicians and nufSP |.M.ictitionnrs have been ad- 
vjmijsimJ as tiip |),in,i(:(M of our fjresent situatio'* 
Ffj V.'' h.ivc (v.^ ovP'f v\h<:lfninq t>vidrMK:P t») 

'vj.fMti- -hcM <'ffir:ipiu:y .iPfl cjualMy This is not 
■ s.iy IMpy V. '.li not fuovnip soltitiof^s — they may. 
pijt p.-*nr,. nvPrpvOfTimit ourspives we had best 
•i{f'-«-t ']){)!(• ''IfcHi in tfif^ eviluatinn r^hase New 
nuisl st.inM thp N^s! of nrilifal analys'S 

rfip rfMrMiop.iry f:(Hitifin' *n} ir. romp, ispd of 
'M.)^f» I M:iii:Mt:;f s .trtl .idmimslr 'ini s who f M'l thai 



the university has little responsibility to help allG- 
viate the present health care crisis. Part of this 
response is a result of the natural reluctance to 
change, since it is apparent that the system that 
is needed will require adjustment and change of 
focus. Justification for this ''armchair" approach 
is based on the pronrise that increased commit- 
ment to provide daily services will erode the two 
basic responsibilities of the university— teaching 
and research This group seems to advocate sci- 
ence withoLit service. What is forgotten is the 
fact that patient care is the backbone that sup- 
ports and directs that teachir<g and research. It 
is the responsibility of the university to develop 
the models to be tested and the quality standards 
to be applied for new health systems. This is to 
be done in a framework that makes the student as 
well as faculty cognizant of the fact that research 
and critical questioning can occur at the bedside 
■lis well as in the laboratory. 

'Costs Rising 

The final problem needs little explanation. It 
!S the problem of soaring costs. Both patient and 
physician agree that our existing system is over- 
priced, but little has been done to improve the 
sMut^tion. Once again we have too quickly grabbed 
on to so called ^guaranteed solutions." without 
any definitive data that demonstrates cost saving. 

A tougher issue to address ourselves to is 
fiot vvhal dollar value do we apply to the provision 
of care, but what value will wo accept for the 
provision of quality earn. A new health system 
m iy provide the best quality care, but at two to 
th'f^n fn'ios the prescf^t costs. Another system 
that costs less than the one we iiave now. may not 
r^ovide as qnod quality of caro Which do we 
choose?'^ Th*.^ best cure m:iy have to ho compro 
fiiisod for optimum care And wh.itevor systotn is 
.lov^lopofi ■! IS well to recognize that total costs — 
n')t r.Gst por ufiit of cnro — mav ;tually increase 
If i nnv. syF^ten^ MTiprovcs .Kv.os:.it)ility tn nuKiifra' 
. ,ift^ lunn oiOuf) .■;f pc?opk^ who now fPCfMV^- 

niod-r:. li c /.Ml ftMd ^ha* t^^'^ will ciwse :\ 

Mr^s^ urily -f wf* r.n^ O iJn i botter i.-nfjfM- 

s/'-^. f'Ti tt)''. ]Y t'v-r^ .'.f^ s^ M^n 'n ikf :i f^wv'i^''--^' 
*«'•:). u:* rMM.j.r ji ^ i'*' ■\\\ :]rrvis ()^ 

:.,\\\ !^^ '^,ys*.'^*v ^r*/^ ^.-'ViM-^;-. \r,rnf)J^i^\\' T his 

' * \'' !lv \\ :./• .1'"^^ try* '■''J !o .mhu^v* at Ihn 

\\'- ••)* Fr.;'-' I M'(.r'fjri:*.,)'l ' ' th'" 

- • f-; iS ■: «;vsr' -h ;l ! { - ■ ^'l ;i - ' i 
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Project Described 




The project is called *'An Evaluation of the 
Impact of Communications Technology and Im- 
proved Medical Protocol ,pn Healtf) Care Delivery 
in Penal Institutions." Our progrgfVi began in July 
and is therefore too embryonic for any meaningful 
results to bo available now. /It will run for 27 
months and is being implenriented in the Dade 
County Penal System. Involved in the study are 
three prison 'facilities shown in Figure 1 — the 
county jail, a minimum 'security stockade and a 
women's detention center. The three are to be 
linked by various television modes to the main 
Univeisity Teaching ^^ospital. Jackson Memorial 
Hospital. We chose inmates in a prison. not only 
because we were fairly confident about getting 
our patients to return for follow-up visits, but be- 
cause the penal institution represents a good 
cross^section of the health needs of society. And 
as fias been unfortunately demonstrated by riots 
such as those that occurred at Attica, the prison 
community /lappens to be one of those medical 
islands that I mentioned earlier. 

This project has a^iuii^-ptiirpose: both service 
and science. .-Xhe-^^r'vice^ objective i&Jo upgrade 
the quality r^nd continuity of health care in prisons. 
The science objective is to evaluate and compare 
the medical and cost effectiveness of different 
communications- methods as an adjunct to a dis- 
tributed health care delivery system. Both of 
those goals will be approached utilizing the two 
phtjse? nxpofimental protocol, shown in Figure 2. 

The first phase of the program consists of 
upgrading the existing prison health care deliv- 
ery system, using new and innovative health cam 
delivery techniques: but excluding video commu- 
nications usually loforred to as "telemedicine " 
This ■ Basolmc System"' will be operated for six 
months following its initial implementation on 
January 1. 1^74. During this time, all of its opera- 
tional characteristics.* which I wMI enumerate later 
v.til he doniimentod Ttipii. on July 1 1974 tho 
vK.l(?o communication links will become opera- 
tior^il br-tweon the various s»tes For one year, 
half r\ uic pntionts will be treated as they wore 
Mauler tno [3as^^hno System and half will bo treated 
using tfif Tolonioriicinn System, and the opera' 
tu)nal cfi.if .^rtoristic? of l)on^ sys loins will bo 
df)Cii/n^"^nt<.'(J At thf? oMd of this period the char- 
actfMt^-air.s i)\ .ill four systems ftho Existing Sys- 
h.-m thp Bas^-^lmo System, the Telemedicino Sys 
t^MTi .inri th»^ Rasolmo Systf^m Cr^ncurrent with 
Tp|r"n». iicwif) will bf^ cf^mpated and evaluated 

l.r't now IO(jk at \ i\r.\\ of thoso systems ai-ii 
.'.naf if in^'ud'^s Ttv.^ Txistmq r^ynt^-m is r)n.« 
If V. ^Vf '1 •■ ir.h p'lSO'^ has tts hf.Jth cju'ir 
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Figure 1— Prltoner Health Care via Tel^madl^lfie 

■ 




Jackson Memorial Hospital. Mtafni, Florida 



jure 2~Experiment&l Setting 
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slaffect by registered nurses, licensed practical 
nurses, aides, etc. They are supported by physi- 
cians from Jackson Memorial Hospital, who go 
to the jail clinics several hours each day. In addi- 
tion, patients can be sent to Jackson Memorial 
Hospital for treatment beyond the scope of that 
available at the ■ jf 'Is {specialty consultation, in- 
patient care/ extensive diagnostic procedures, 
etc.) Ttio oxislinq system works reasonably well, 
and appears to provide acceptable quality care 
a! a not unrealistic cost: Part of the early portion 
of the oxperiment. prior to the implemenlation of 
the Basolino System will bn a documentation and 
evaluation of how good thai care really is and 
how much It actually costs. 

Baseline System 

This pxistmg system will bo modified in sov- 
r.Mjl ways \c) ijf^qradn it to the Bns(*linn System 
Thf^ first .uu) MU)S* jm[)Of!ant ch.'inqc^ will bo the 
.rttoduci' ))! of nursn practitioners Ourinq the 



first SIX months of the project, registered nurses 
with experience in the jail clinics will undergo an 
intensive, 40-hour-a-week training program to pre- 
pare them as primary care nurse practitioners. As 
part of the Baseline System, they will then assume 
the direct responsibility for the medical care of 
the patients, with the assistance and consultation 
of the physicians. To the extent of her ability, the 
nurse practitioners will be encouraged to assume 
those roles that will best extend the physician's 
effectiveness. I hasten to add that this program 
IS cnt^rely voluntary on the part of the patients. 
Under both the Baseline and Concurrent systems, 
physicians will still be available at all the jai! 
clinics. Thus, shoiild any prisoner so request, he 
will be trealed by a physician at the jail, regard- 
less of his need. 

In addilion to the nurse practitioners, the sys- 
tem changesVill include the use of medical pro- 
tocols: that is. physician-prepared material to 
assist the nurse practitioner in the diagnostic and 
therapeutic approach to a patient's problem 
Other modifications will include the introduction 
of problem-oriented medical records (including 
patient encounter forms), automated medical his- 
tory takers and the improved availability of tele- 
phone consultations with specialists at Jackson 
Memorial Hospital. In summary, the Baseline Sys- 
tem to be compared with the Existing System 
prior to the use of .nny sophisticated communi- 
cations technology wil! have the following im- 
orovements. 

• Nurse practitioners. 

• Medical protocol. 

• Problem-oriented medical records. 

• Automated medical histories. 

• Telephone consultation service. 

Throughout this phase the quality, availnbil- 
,*y costs .ifKi f.^ffoct'vonoss of thr mcciical care 
p'-oviclOfJ by the nursn pvactttionor. as /;oll as thi' 
•ittitjcios of both tho users and !ho prDvianrr. v.mH 
[jf' '\rir.\,n>oWyA .ami C0f"r^par(?r! v.-ith tha.* 

tr-^' ohysic-an tu^m thp Fx:st'nq System Thus 
Phasf^ I v.ill u^W us quantitivply inrJ (]iialitativpiv 
ho/, /.oi! thi- no.". fiP.'il!!^ c:\rn riolivofy systO'T^ 
/.Mfi'S. .\\\f':) all !ho f.h.ti.qt-s ^'xcoot viflf;o r.oni- 
i'i ';/is tpcluioioqy hav^^ b«MMi introrju^'.OM 
T n^' Si ( '"n-.-j ;:)h.aso v.ill Nfll ;js Aha! arKirtiona' ifn- 

I:' JV»""P«'-"'*S 7.ir' )tJS tyt^i.'S 0' tp|..(iinfj,r!:iP * f:.iM 
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cafo at a distance or. more specifically, one that 
substitutes an e/ec/ron/c "preserice of the phy.si- 
cian for his physical presence. Phase II of the 
(jioject involves adding various video communida- 
tion links to the Baseline System. The patient 
population of each jail will be randori^ly parti- 
tioned, some being treated via the Telemedicihe 
System and others as they were under the Base- 
line Phase I system. The only difference in the 
treatment of the patients under the two systems 
will occur wlien the nurse practitioner decides 
that assistance or consultation is needed in the 
treatment of a particular patient. Under the Base- 
line System, the nurse may refer the patient to the 
physician visiting the jail, tefephone a physician 
at the hospital or send the p.atient to the hospital. 
Under the Telemedicine System, the nurse may 
not refer the patient to the physician visiting the 
jail unless there is an emergency requiring the 
immediate aid of an on-fine physician. However, 
the nurse can send the patient to the hospital or 
arrange for a physician at the hospital to consult 
with the nurse and the patient via the video com- 
munications systam. These video links will allow 
•a primary care pnysician or specialist at the hos- 
pital to see. examine and talk to the patient. The 
examination may mclude listening to the patient's 
heart and lungs with the use of an electronic 
stethoscope and the interpretation of electro- 
cardiograms or even X-rays. 

Throughout the entire year of Phase II of the 
project, the Telemedicine System will be evalu- 
ated to determine its effectivuness in providing 
the nurse practitioner with supervision, consulta- 
tion, quality control, and continuing .education. 
In addition, we will compare the health care de- 
livered to the patients under the different systems. 
Most importa.ntly. we will study its acceptance by 
both the patients and the health-care providers as 
a useful communicating tool to provide health 
care. Thus, the entire project will compare the 
ivtjrso prnctitionor-patient health care system with 
the traditional doctor-pationt system, as well as 
Jetoimino tho effectiveness of the communica- 
tions tochnotogy. 

Furthermore, the project will 60 more than 
look at ono type of video communications. In ad- 
(litioM to interactive video links, the systems link- 
ing] the vafion? jails to \hn hospitals will include 
voire cfiannols. olt;ctfonic stethoscopes, lornoto 
''lectrocafdioqf am chanr>nls. and oven facsirriilo 
fiansmittors for transmissum of wntton or grap[)i- 
■': \\ malprial Thus. v;p will bo installing not just «i 
TV c.anu^ra. hu! .in Intoqratocl system of audio. 
'.',. |*?^>. i^a (Ja*-i )inMiiinir ;itions ()lainipcj sp^'C'fi 
. iMy f.M .'iirfi''. a a^^'t'is .niM r j/^'^.if)! n m 1 *or 

..S'- \)f \}<\i\*J'. ■• I'f* r.f )}''!f! Adi I'll; )fia!ly *v..^ 



different video systefns vVill be installed at each 
of the three lail clinics as follows: 

Main Jail — Live video, black afid whito - 

Stockade — Slow-scan video, black and white 

Women's Detention Center — Live vrdeo. black 
and white; slow-scan, color. 

Slow-scan video is a method of sending 
Single television pictures over ordinary phone 
linos, taking one to two minutes to send a pic-" 
turo Treating different segments of the patient 
population through different modes of telemedi- 
cine. v.ill make it possible to evaluate the relative 
medical and cost effectiveness of each mode. 
This would assist other potential user#s of tele- 
niedicine m determining the most effective sys- 
tem for their needs. 

Evaluation 

I have discussed evaluation a groat deal, and 
\\\\h good reason. The majority of the funds in 
our project .will be spent ori evaluation not on 
hardware, ^ri^tallation or operations. With that 
m mind, it is only appropriate to describe some 
of the maiO' evaluations that will be performed. 
Thfro will be five major areas. These include 
quality of care. cost, educcition. acceptance, and 
communicating utility. 

Oj.ility of care 'S the single most important 
"valuation aM(i one that vmII be cor7!inuously per- 
' >rmod One of the ground ruins for this type of 
:u(;tect fS thilt frothing must bo cione that will in 
.\ny /..ly jeopardize the health care deliv^orod to 
:fb' pafu'Miis Quality will be evtjluatod by .nionitor- 
■ MQ thr medical effectivofu^ss of th(^ f)ioqratYi con- 
! 'iiJOu55'> VI. I peno'lic i('Vi(?vvs lht» f^.itionts' 
'^*.r- J'C.t' ff( ;ir(js A fTif?fjical can^ mv nv. cornmit- 
'.'V. /..-I fx.;:^^ino a 'a'i(K)m sa'iipin of all mediCcH 
■• J'-'.': r7i.'u^ v.hothei the c.we v.as ac- 

■» f)t.iij!' ()'r. r\o'\ |n .iddil'O:^ \hn rorords of 

..:! :f « ;Ki;.f.-:^!s /Ju; h,iv>- h.ri ar y r^f .i sf-ioclefi 

Sf^ i)' :'ni:r lll'.f^HSC^S v\ill '»'Vi'.'/.fVl arui 

!-^*' .!r']'' P! {. ^'M[;.,rr'iJ l-ri^! p'^'v ou^ly e'S!ah- 
• isMi» I "if..iir,il pr FijftncM qunlily of car>' 
ii'.'.itjOMs /.Ml iiickf^'' ni».' f(j|lov.'i/if} t^i«nos 

; Ml. ■ ■ I . ^f:t"* vt^S 1 ^ 

: **y~.t J" ■/. .I'lV; If) *('.[]■ /. tJp I 0 U 1. 1" p.J-'fH* , 

' 'r ^« '* Mm r.jM ,j ; ^,:} 
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The basic purpose of the cost analyses will 
be to develop a cost model that will allow the 
determination of more than just the overall oper- 
ating costs of each of the systems. They will 
point toward determination of the cost of. treating 
a single episode of the various diagnoses encoun- 
tered, using each of the different systems, as well 
as the different modes of telemedicine. It will thus 
be possible to determine which system would be 
most effective in treating the entire patient popula- 
tion. If the results of cost and quality of care anal- 
yses were applied to another population with 
differing morbidity rates, they would allow the 
determination of the medical and cost effective- 
ness of differing systems. 

In addition to these two extensive quantitative 
analyses, three less vigorous analyses will be 
made. 

The educational effect of the telemedicine 
systems will be assessed by two measurements: 
first, monitoring of the frequency of use of the 
video by the nurse pracNtioners to consult with 
the physicians and. second, comparison of the 
scores of the providers on medical knowledge 
quizzes given at various times througtiout the 
project. 

The attitudes of patients, nurses, nurse prac- 
titioners, and physicians using the system will be 
analyzed by a series of custom-developed attitude 
surveys, administered throughout the project. 

Finally, an analysis will.be made of the com- 
municating utility of the various users of the 
telemcdfcino system Th's is a new analysis de- 
veloped specifically for this project. The various 
users and combinations of users of the telemedi- 
cine system will be evaluated -in terms of the 
nu?dical effectiveness and efficiency of their con- 
sultations. RantJomly selected video consultations 
v.ill bo recorded, and their content will be ana- 
lyzeci We will then attempt to relate the types 
of con^munications with hovv well the telemedicine 
»^VS!tMn IS used. 

Conclusion 

This progiani is :\ multidisciphnary effort 
MHUi»rtnfj the comljinod t^fforis and losources of 
the? f:-.)nifminity ancj the Univorsily An mtercfisci- 
plin.iry team will approach the prot^lom It will 
Mif:ludo not only nurses and (Dfiysicians hut bio- 
nK.'(Jir:al enqmoers system analysts. manaqerrKMit 
S{ jpMtists sociologists, economists ovaluatois 
• irul. most imf)()''tar)t of all the patients. 

If fhr^ pv.Uuatififi ifuiir.;Uf»s .1 por.ihvo rfsull 
M )()'- Ihr systf-rt; vVill h.iVf^ tir)plir.!l)ili!y fU)! 
■)'tiy t^' p.if !'Mt<. i/n{)ns();ujcl pL'hind b.iis but also 
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to those imprisoned by other circumstances. Ex- 
amples would bo migrant workers, imprisoned by 
the nature of their socio-economic status; the 
nursing home population, imprisoned by their age: 
residents of rural communities, imprisoned by 
their location, or the people of underdeveloped 




cow f^»^^ 



countries, imprisoned by the infancy of their soci- 
ety's growth. 

The truG measure of the performance of this 
system will be whether it effects an improvement 
in the health of the people it serves. 
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A CITY-INDUSTRY EXPERIMENT IN 
TECHNOLOGY TRANSFER 



William V. Donaldson 

City Manager 
City of Tacoma 
Tacoma. Washington 

and 

W. T. Hamilton 

General Manager 
F^esearch anu Engineering Division 
Boeing Aerospace Company 
Seattle, VVashington 



In this presontatiofi we hope to give you an 
idea about how a city and an aerospace company 
h:w^^ joined together as partners to conduct an 
pxponnient m technofogy transfer in Tacoma. 
Washington We will discuss how we got together, 
what our motives for involvement were some of 
our accomplishments and. given resources and 
time, some of the things we hope to do In the 
future. 

To give yoj a perspective of the city. Tacoma 
iS ar^ older, medium-sized pof! city that has had 
,iimost all llie social ills of Af^icncrn cities, but 
vV'tri r7ioro pi/?a27 Wo provide all the services 
n^os! C'tios providp and .even run an airport and a 
'.MlrcxuJ. In addition to extended controversy 
ibont tht' appropriatp fnrm of municipal qovem- 
'^svM v;e havo had our Mother's Day not. and our 
:fvhM-ful collapsible Gailopifiq Gertie bridge 
T'f^^- s.ilosman -.vho msured th^» hridqo had so 
^»v.ich *a'th m the enqiMoors that he pocketed the 
: •'•■.•■n.u'Tis .ind ^/.hon it collapsed he went lo 

M'.i7'l 

Tfv-^ R{)Pi.MQ Compij-y .is 'Tins! y:)M know 
'^I'snndi.nq let ri':i:r.-if| ard soacr? hafd 
•.'•!*•* V':! loft's vp''v ?.f^-l *hns'"> tiiMio.c^ nrip ty[)!- 
; >\'y \' .is hPinri assnc Mrpd .-.vith the aero^ 

S{- TMii.'sMy Im jfiditfon B-n-^-'^q h.is d ibl)led 
^- ' inf):nc; fi.j'i b'li'd.r^.n {joi sonnlized 



Our street sweepers stir up and leave behind more 
street pollutants than they pick up. And our 
fire trucks— well, we have replaced the horse, 
but little else. In short, our available equipment 
is expensive, unreliable, and low in productivity. 
In addition, our software and paper flow processes 
are Similarly antiquated. 

While being confronted with its multitude of 
woes. Tacoma discovered it is located near a 
unique resource, the Boeing Company. After 
some oiscussion and activitie^^'we will mention 
latot. we decided to learn whether the country 
j3us from a small town could oe happy as the 
wife of a Boeinq 747. For Tacoma. the partner- 
ship has afforded the opportunity to improve the 
cu-y's receptivity to the use of technoloqy. in- 
crease 'ts ability to apply technoloqy. and provide 
b(>tter sfHvir.o for its people. 

Concurrcfitly with Tacoma's woes, the Boeing 
Cor^^pany was faced with major changes in its 
business environment and was striigqlinq to de- 
♦riniine how it mlqht best react to reduced air- 
plane sales and lowef military spending It seemed 
tha! the development of new product lines and 
m.irKetinq of existing Boeinq resources might 
dPvfHop new viable market areas In developing 

■ ind testinq advanced technoloqy systems such 

■ thp Minuleman Ballistic Missile and the 747 
"jnibo BooMiq had loarneri lessons that might 
NMd to In^oroved delivery of municipal services. 
While work-ng with :v.v\ contribiitinq to the city 

Taccna Boemq tiopfvl to do thfoe thinqs- 

1 f3pttP: understand city opp rat ions and 
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w^Mkinq 



3, In the long run develop profitable prod- 
ucts and services to be sold on a commorcial 
basis to municipalities throughout tho country. 

Boeing selected people from its organization 
who are 'noteworthy, for their broad experienco 
and a desire to contribute In a social environment. 
They were assigned to work on site in Tacoma 
on a full time basis. These technologists brought 
the know-how of sophisticated computer systems 
often used in aerospace, scheduling and planning 
disciplines, and skills in the applied physical 
sciences Tacoma people contributed knowledge 
of the city organization and experience in provid- 
ing services to citizens. In addition to the re- 
souices contributed by both Boeing and Tacoma. 
funding support was provided by the National 
Science Foundation's Intergovernmental Science 
Program. 

The first time Tacoma and Boeing people got 
together, the city people were sure that the Boe- 
ing technologists would do something that would 
embarrass them or confront them with things they 
would not understand. The Boeing people are 
loath to admit it, but they were sure that municipal 
employees were a bunch of grafting politicians 
bellied up to the public trough. With this situation 
we decided that the equivalent of a typical Ameri- 
can picnic would be a good wa^ for people of 
both organizations to learn about each other. 
First, there was a big luncheon followed by a 
fi,eld day tour of the Boeing Aerospace plant at 
Kent, Washington. This provided the opportunity 
for Tacoma municipal personnel to go behind the 
guarded gates and see that engineers and sci- 
entists have coffee breaks, sit behind desks, and 
even use the same English language as c'ty 
employees. Boeing then loaded up its people, 
took them to Tacoma, and did tho same things — 
with some improvisations. Everyone was escorted 
to and locked in the Tacoma City Jail for lunch. 
'Some hcwe said it shook their faith in technology 
watchinq a Boeing vice president eating a tough 
Polish sausage v/ith a spoon (Obviously, no 
knives are allowed in the jail ) This was^ followed 
by a tour of several dpp.utments and demonstra- 
tions of some of tho othor services and equipment 
f.irovided by tho city. 

Through the?>e exchrinqo visits, both Booing 
and C'ty people recoqni/ed each other as peoole 
h.! nq different skills -/^hich may bo applicable to 
f^ach other's p.-oblems From this boqinninq wo 
have soon thp growth of *ho ^.vill commitment 
anci foolinc} of responsibilitv roqui'od to boq-r^ 
I'-v^kinq cit Ci^y riroblnms The list acrornpli'^.h' 
nifs-its !S lona t)ut thi<^. orns^^.^tritio'^ A'f fr»(:i;s on 
r^vof m ti )r th.rv]s r-^ow b^v'iq cinne 



Transit Improvements 

One of the first activities was to try to make 
improvements in the Tacoma Transit System. This 
operation manages to lose $1,700,000 each year 
above and beyond the fares paid by riders. It 
seemed that even go-go girls and free drinks 
could not increase the Transit System ridership. 
About the only people who ride the transit are 
the no-alternative folks — the halt. lame, blind, 
young, old and poor. The problem was to figure 
out how to continue picviding services for these 
people while at the same Hme reducing the yearly 
deficit. Through the efforts of the technologists 
and transit system personnel in coupfing their 
skills, two new ways of improving the situation 
were conceived. 

One related to the fact that on a standard 
route, buses maintain a specified headway be- 
tween themselves. The headway is the time be- 
tween service at any particular bus stop. This 
means a bus will run by a particular bus stop 
every hour, half hour or 20 minutes. But the 
total bus route is usually not evenly divided by 
the headway. Thus the buses must wait some- 
where, usually at the end of the line. UQtii It is 
time to start out again. I am sure you have all 
seen a bus driver sitting in an empty bus at a 
bus stop reading a newspaper. He is not loafing, 
but merely waiting for the proper headway. 

After building an extensive model of the 
transit system it was discovered that at any given 
time at least two buses were waiting for the 
proper headway throughout the city. From this it 
seemed reasonable that if we could pool all wait- 
ing time in the central business d'^strict. where the 
buses originate, we could take the first available 
bus and start it out on the first available route. 
This would not necessarily be the route it just 
completed. The resulting reduction of waiting 
time would in effect eliminate two buses from 
tho system at about $12.48 an hour. 

The second thing examined in the transit 
system was a real money-losinq segment of the 
opfiratlon This is the part from 7:30 p m. .to mid- 
night Theie are 14 ouses on 14 routes with 
miniinum one-hour service, avoraqing 750 riders 
.\ niqht. Monday throuqli Friday. The loss during 
this timt' period is approximately 80 cents per 
Mfjor We are now workinq on tho development 
of ri dynamic routinq system This will allow 
busos to bo ffood from thoii fixed routes and 
follow snecially (iestqned routes n-^tormined by 
iisf^r domai^rl A person who wish( s tr) ride a 
hus -lufinq }his timo p»MK)d will rail a trnnsit dis- 
p i!^":hP[ toll \^\n^ vvhoro ho is^ v.-fiofo ho wants 
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to go. and at what time. This information will be 
fed into an on-line computer system which will 
toll the rider whore and when the next bus will 
bo avv^ilable The computer will compile a route 
Imki all the riders in a certain area, and the 
dispatcher will then radio the route to the bus 
driver. As he proceeds along this route, the h'ls 
driver will receive a continual update of changes. 
Those jOassongcrs who rido every night v.ill bo 
LHeprcyiramnieci into the system, and casual riders 
wij} bfynserted into the system as they call in. 
II appears thai the number of buses required can 
bo cut in half and the financial loss reduced by 
almost two-thirds during the evening hours. 

Court Scheduling 

The second project to be discussed involves 
a nnin.C'pal court scheduling technique. Upon 
pl^Mding not guilty m traffic court— at least in the 
. Statn of Washington — n defendant has the right 
bo con'r ;;n.!Pd by his accuser, the police officer 
'^■ak;nq ihn arrest. Police officer wtnesses are 
;j i d 2';' hours minimum overtime for each time 
must appear in court. It seemcTd that the 
::.ly wjs payiriq excessive overtime resulting from 
*h.» ii'Qp percentage of cases requiring court ap- 
i! .r'r^'s t)y uolice affice^s Th's amou'^tcd to 
(irox MMtf^ly S90 000 in ovortinio costs last year 

C'^y w anted t:^ reduce the amoun! of ovei - 
' 'Ti-^ i'-i* f|-.]'t''' fMnuiy V, IS .i^raid In tacklp ^hn 
■-. : :.t* . M Thf^'''' s :\ in '"'v.i'iir'pa! scMVir^"* 

i' i' yw.; tl'> -^u'^ sj'i^f,* :.'ld *hinn 'ind it qr^es 
'^u its .1'' act G'vl Bu! \^ V0:i d-.^ S'^nin- 
'■■ "q (J f^von^ n.^es v.ionn. it s yrrjr f.aiilt 

1"^^ s -.VIS t oa'hculu'y roi.Thy si-uation because 
* ' • .i'nr)*"^* o* i'V'i*^pe'V'^'.''^t 'i'fi.ani/nhfjns and 
;'-'S;"- :'^v- •.;/'■■' ! *h'- /A'/^-')^ Ihn .'!!t:M r^PyS. the 

■i-ai.N> -i'} 1 the ';OLi'! 7"hp Cily Crnincil wouid 
:"''y r-.-^' 'av-:""'ihiy rvi a^-y a:''v:*;es *ha* 

r ' !;: '-^ 'r^f» Mdn"S C'\:/0'-^ iv ^h^-^ pol.r-- 

!■■ ' ■ - y i' r- ):.r I n )'^^^-\ "-Wr \\. • !);.]• I* .i r m-i- 

' ■ , ; • ■ i^i' \ * ' ■ f .'. ^ ' : ■ •■ ■ i ' . 1 ( ^ f ' n r j i ; ' r j h ^ ' ! 

.'. ; .-■ ■ .i;): - !' r ^ ^'' Th»' m'S'jII .v.IS .j 




Testing Fire Hose 

Tfie third project we want to mention involves 
implementing the u$e of 5>inch-diameter fire hose. 
In Europeari countries, fire hoses up to 6 inches 
in diameter have been in existence and use for 
some time. They are light weight and have light 
weight couplings, but have not been used ex- 
tensively in the United States. And the probable 
reason is they dorr't meet some dingy requirement 
of the National Fire Protection Board. The Tacoma 
F're Chief wanted to try the hose, but before in- 
vesting substantial funds he wanted performance 
ciata. In Municipal service, performance data are 
like fairy tales — us«'5,ss fables. Boeing showed 
the city how to run some tests that would indicate 
the usefulness of the hose and its durability and 
safety 

To give an idea of the difference between 
using a typical hydrant hookup and a large diam- 
eter hose hookup the photographs show each 
being used at a tv\o-alarm fire in an older depart- 
ment store m downtown Tacoma The fire involved 
about 20 per cent of the buildmq. At the time 
thf?se pictures were taken, eight fire companies 
were discharging about 3 000 gallons of water 
eor minute. 

Figure 1 shcvvS what is called a typical full 
hydrant hookup. A 6-inch diameter soft section 
'I'To IS cnnnocted between the hydrant and the 
piirnpnr- at the leM. The pumoer discharges into 
•v,t» ."^-inch lirit? and two 2'?-inch lines, which go 
t-.' .1 st^cond [Jumper locatecJ dtrnclly in front of 
\Un f;fp Tho pumfTer at the hydrant iricreases the 
:)'essiire in the three dischafpc^ hnes to overcome 
*f Ttnn loss between the first anr second pumpers 
Th'» second oijmper in front of the fire increases 
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the pressure of the water and discharges into 

hand lines used by frremen in fighting the fire. 

An additional man is required to watch the 
sucond pumper. 

This first picture represents the' typicaf hy- 
drant hookup system used in most American 
cities. The fireman leaning on the hose is per- 
forming a vital funf^tion — watching th? pumper at 
the hydrant Using this system, two engines and 
two rnen are used m addition to three separate 
hoses. Time is required to lay each of them. 

Figure 2 shov;s a 5-inch-diamoter hose hookup 
located, coincidentally. directly across the street 
from the standard fiookup at the same fire. In 
making this connection, an engir ^ drove to the 
hydrant and dropped a man at the hydrant to 
connec* the 5-mch lightweight hose with a quick- 
connect coupling. Because the engine was not 
needed to pump at the hydrant to overcome fric- 
tion loss. It went on to the fire and pumped the 
water directly into the hand lines. Upon com- 
pleing the hydrant hookup the man assigned to 
this task was able to proceed to the fire and 
oer^orm other fire fighting duties. This system 
requires the use of only one pumper and one 
man to watch the pumper. It delivers the same 
1500 gallons o^ water per minute to the fire scene 
js does the standard hookup. Because t)f the 
Success of this project last year, we reduced the 
firomf^n's work by two hours a week. This was 
do'u^ o.'i .i negotiated agreenient with the imion. 
«Ai?hout adding any firtvrnen. The City Council has 




now appropriated more than $300,000 to convert 
•all Hydrants in the city to accept the quick- 
connect large-diameter" hose connectors. 

Other Activities 

In addition to the projects already mentioned, 
Boeing technologists are involved in activities with 
thp city to help the police develop communica- 
tions specifications and select equipment, to work 
with the Public Works Department to improve 
refuse collection and disposal and to aid the 
Traffic Division in forecasting and scheduling 
traffic lights and traffic flow. They have also sup- 
ported Police personnel in developing flame re- 
sistant specifications for the city jail. This last 
activity was undertaken because of a disastrous 
fire in the city jail several months ago. It was 
only due to extremely good luck that five prison- 
ers and nine policemen were not overcome by 
smoke and suffocated. Because of Boeing's great 
experience in working with fire-retardant paints 
and flame-resistant materials, a reservoir of tech- 
nical expertise was readily available to help 
better fire-proof the city jail. 

One of the findings from the Tacoma and 
Boeing people having worked together might be 
useful to those v^^ho are looking into technology 
transfer It is that the hardware and projects in- 
volved are not -as important as the process of 
interaction between technologists and city per- 
sonnel. We refer to the development of produc- 
tive relationships between technologists and city 
pt-opin. It involves enabling each to learn about 
th(i other and how to deal with them For example. 
$)no thing that surprised many of the city people 
was finding that technologists and Ph.D.'s are 
inally fairly useful We found also that sitting back 
and trying to idenhfy all the bars to technology 
Ifiat (ixist is like saying tfiat people who work in 
Cities are incompetents, who don"i want to change 
and improve The Boeing people would be among 
rhp firs? to ncMfit out that thir, i^n t frun— thnt city 
f)Poplt'' re.'illy do rnie about wfiat they doing 
.inrl \Y\:\\ th^^y r(?:illy need and want technolonical 
holo Thf^ bnttor and more effective anproacfi 
is to \oc.\\'^ on thf: process of technology tmnsfnr — 
t/ypCf to dovf^lop v.ays in which terhnoloq'sts and 
City pfMsnnnol can fimc.iinn tnq<^tliPi as a loam. 

As .1 nr)einq /City tfMm wi"? h.ivf^ tinth realizod 
\\\.\\ f.u fror*^ Ofojf^cts h.wf^ i.v^en tdnntifif^d thar^ 
KfTo - vvh.it to df: WMih Fill ther fTiot the necvi 
^) ' tfM;hiu)l- inc il .idvanrf^nu-n! f a.» ox roe d.^^ \\m^ 
M'^, );Mr.f""» piM^r-r f)f garif/atio^' ;s able to cr")!M';hute 
»h(^ rf'«,r' uf:h nffn'* ff^ havp a/iv Siqnificant mi 
vv\ ir- '{nf w;)ViMfi Mu' a|')pl!r . it'; )n {»! t»M hruW-.viv 
M-MiV'-'v .'fu.Mtcip.il <-;f\'Vj' :! < h.' a: 
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that an enormous amount of manpower will be 
lequifod over a \Oi\g ponod of time 

When .U)Oronchinq 'Fodoral aqoficios fof 
financial support, we have fOLjnd it is a. lot easier 
to get them to support software research, studi.es. 
and such rather than hardware When you wrile 
a report, no one cart say you didn't do it: because 
there it is. and one can argue only with the validity 
o» tno contents But it you build a tire hydrant 
npcner it either works or it doesn't And some 
jf t^o folks we deal with are not too interested in 
a''!S\verifiq that question WoTKinq together we 
*Mve come up .with a number of very imaginative 
^il'^as like redesigning fif'c equipment trash 
r-qijipnient and street sweepers We would like 
to undertake the projects But these are projects 
tha? are really 'beyond the capability of ihe city, 
bpcausc^ it lacks the technical expertise, and tjney 
are bev^^'Hl !ho capability of industrial orgj^iza- 
l:^•' Bopn-^.q because they lack the/^xperi- 
O'lCi^ oroviding services But as t/ team it 
snp'-'i^ -lear^that an enormous amount of pro* 
a?rss r:r^ be niade m 'cjeveloDing mucn needed 



Bill Donaldson relates that when he was a 
lad. he thought he was going to be an Episcopal 

-priest He went ^o, seminary and found out about 
half way tf^fough that the only possible way he 
could ever pass Greek was to become very, very 
friendly with the Dean of the seminary. He used 
to go around with the Dean. Father Fielding, 
whenever he gave talks to young people's church 

■ groups. Father Fielding had one of the most 
frightening talks about marriage ever heard. He 
would tell about the financial problems of mar- 
riage, the mother-in-law problems, and. . "Don't 
spend your whole life in bed." When he was done 
with this, nobody who had paid attention would 
ever want to get married. But in the back of the 
room, his wife would jump up and say. "Charlie, 
you didn't tell them how much tun it is!" ^ 

And that is v..iat we have learned working 
together as a Boeing/Tacoma team: There are 
a lot of problen^k and a lot of difficulties, out it 
IS just an awful lot of fun. And we can really 
accomplish sc/mething that helps improve the 
delivery of services lo people. 
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Private Sector Productivity 

RANN APPROACH TO PRODUCTIVITY ^RESEARCH - 

PRIVATE SECTOR * 



Holt Ashioy 

Director 

Advanced Technology Applications Di\^ision 
National Science Foundation 



Having |ust reiurned from a vacation trip that 
took me to seme of the le$s-developed regions of 
the West Indies. ! had it brought home to me once 
more how incredibly important to the quality and 
richness of life m America is the factor of pro- 
ductivity. It is no accident that the enhancement 
of productivity, in the broadest sense of this term, 
forms one of the principal themes for RANN- 
supported research. 

Already described is the four-part categori- 
zation devised for the substantive content of all 
RANN programs: Energy. Man's Imoact on the 
Environment, the Effects and Hazards on Man and 
His Works Due to the Natural Environment, arid 
Productivity. 

Having covered ProdLictiVily in the public 
Sf'ctor. we now turn to the pfivato sector of \ho. 
US or.onomy. Progioss fOpoMs from thioo rele- 
vant ni.itu'ing orcjjects LjruiPf !hp coqni/anrr- 
of the D'V.S'On ot Anvanc'-'ri Tochfvjloqy Apnl'- 
•v-.ato'^S follow E:irh ;s '.u-.usf^l uvlur.lnn' 
pro'Uicfv.ty 

Technological Opportunities 

.:,vis- y.) (";■/.•■:•''•:-. fi-f.^'-s-^^^'c;-;- u -"pi^'".) I.j'^itif^s 

F^A^,''i ■ ^- r.- 'Ml l.-'f s Ihns- : .;::'^ti-ut'* Oi- 
; I :i: ^nr, ( ) t i ■ : ! i v' t y i'." ' : »^S. ^iJ • s " 

. ... . .0. ' . I*. ■ 1 -v^ i^.-VM il 



cal opportunities. Then I shall mentiori one of 
the plans we are laying for the future. 

Until -quite recently, the state of affitifs in 
most rapidly developing industrial jx)untries— 
including the United States and^^iH'bf Northwest 
Europe— was characterized^by'ready. inexpensive 
access to apparently unlimited energy and nearly 
all key raw materials.' ^his was combined with a 
relative manpo^A^r shortage 'but swiftly increasing 
educational capital. A simple index of produc- 
tivity was adequate to measure the efficiency of 
such an economy, and it consisted of va/ue* in 
qoods and services produced by person-hfour 'of 
tabor Until just a few years ago. this ind^x was 
substantially higher m the U.S. than in anj^ other 
nation But consiaer the changes. For e)jample. 
ciunng the decade 1960-1970: in the U.B.. this 
index increasecl about 30 per cent, at thi} same 
time? in West Germnny and Japan, respnctively 
tt t'lcreasod by 80 per cent and over 190 per cent 
of the I960 base level' , Moreover- wages are 
noinq up much faster than nutput in our country 

Obviously the scarcity of'tabof c»eated (as it 
^' 'i fki'^si a s!ronq ri'ivo to inrff\'iso man-houi 
r f*r ,t till ouqfi in vest ma capital in ial)or-srw!nq 
iM.ar.-af^inlifyina f)ro(iuction machinery, as 
'hK>iioh f^i.iM-[(M)l- i^<|Ciiif'u! by automation 
:n. .t:v Ml lor. Arju^txi otfv-is. RANN 
, , .ifw^u-'Mt r. V dv I'^cy " 1 I'ldu^l I iai 
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avnilnble Liquid petroleum is prominent in our 
thinkinq -todny. but it is only a bellwether. 

As a cor^seciuonco of this j'ui olfioi shoft- 
ages, many of u3 now see compplimq leasoris for 
^ usinp those resoiirces accessible to us much/'" 
more efficiently. Typical strategies to this ,end 
include various conservation measures, reclama- 
tion, more efficient chemical and physical con 
vprsion of substancps. hiqher-yielcl iDrocessing 
:uHi fCprocessinq i*f ores. etc. Certain activities 
of this kind have already b'"^en discussed in con- 
fK^ction vvith RANN s Eneray proqrafr.s. Others 
fall unde^' the Advanced Technoloqy Applications 
DivisiOf^ a notable instance being \he MIT Na- 
tional Magnet Laboralory s work on ore beneficia- 
t'un ro bo covered in a ^aper that follows Yet 
another concerns the comminution and lemoval 



of rock and soil, at reduced cost in. labor and 
energy. This forms the oujective of our entire 
program element m excavation and tunneling 
technology. ■ - 



Future Possibility 

Now a few words about some future possibili- 
ties, as they are beginning to emerge from our 
program-development activity. A study is now 
being conducted for RANN by MARCOM. In- 
corporated, of Los Angeles. Through the mecha- 
nism of interviews with senior executives and 
others. MARCOM is identifymg particular areas 
(i.e.. the rolling of steel) where there are unusually, 
promising opportunities for increased industrial 
productivity. 
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.ENZYME ENGINEERING IN THE FOOD 
AND CHEMICAL INDUSTRIES 



Arthur Humphrey 

and 

E. Kendall Pyf5 \ 

College of Engineering and Applied Science 
University o^ Pennsylvania 
• Philadelphia. Pennsylvania 



Enzymes may bo the most studied yet under- 
utilized substances that exist today. The reasons 
for tMis ajo simple?. Pure research in biology and 
biorhnniistry h.as roceivnd support totalling many 
b'llions 0^ dollars. A major-«focus of this research 
has been enzymology since enzymes are the 
substances that catalyze and ultimately regulate 
ai^ li^o processns If this huge research expendi- 
ture is \o be pconomically justified it must be 
iiiphrd lo practical problems. Although soirio o^ 
the apofications of nnzymos m medicine havri 
recoived wide attention particularly in diagnostic 
oroc.oduf PS. c1 d'Sproportionalely small effort has 
bo'^n mado to convert tho rosults ^rom thoso puro 
rose.urh orocifams to useful technology. 

The major intent of researcVi in enzyme 
technology is to provide the techniques 
necessary to exploit the extensive re- 
sults of basic research in the life sci- 
ences for the public good. 




Figure 1— H^ozyme 
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What is an Enzyme? 
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A Immo !hp suostratn specificity is oxprossnd. 
FrvyrTins havo a high spoci^idtv which froquently 
is so nro.it as to riistinquish botwoon storoo- 
■.'\f)n-\n\?. This spncificity i n action h.is boon 
I'-^.-MOfi r.ii a ' lock ar^d koy ' tyno of ro<act:on 
^^ llian 'r^.DOO niwinos have row boc^n ifi^nti^ 
pp'hai^s 100 OOn 'nav r^x's! 

Why the Recent Upsurge in 
Enzyme Technology? 

Uot»! roc^Ptly Ihr- [)roMor'nM-a'^-* ror"»in,(.Mc;iaMy 
'^y|*:-)t''<'l i-'i/yinr^s V.(m»^ tfiosr orji;r,f>rj by '-J^if^wv 
■ •M^.i'M'-iMiS 0;.tsi{jf ih^* C'.M TIm^v 'vV'UP tfio Oi 
';i «*f-v" 'fVV'*'*"-^ <>' f'^if 'z^' Hrj.irilSiTl*^, . thO\ 

•: i ',-Am r; iM l» t>fM».- iMfj f.i''.' Ihi*; < 
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sents only one of the vSix major classes of 
enzymes, which are liste(i in Table 1. They ?!re 
■ill 'eirjtively ch<^ap lo orodiu^*^ :i'icl loqiiire no 
coenzyme as do the other classes *of (Mieymos 
Hence, neither re-iise nor regeneration is neces- 
sary for their economic exploitation ComniercinI 
utilization of these "^er enzymes had to be de- 
layed until maibr L. ^aKthroiiqhs occurred in the 
development of techfiiques for their production 
antJ use ' 
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Figure 2~Methods of Immobilizing Enzymes 



(c) 





(a) 




(b) 








:.:(p 










Diract Chcrrijcal 
Cov,iU*nf Bondinci 


Adsorption 



EnlrnpmpMt 

Of 

Encapsuianoit 



Table I — Classes of Enzymes 



En'/yme Class 
T; Hydrolases 

2. Oxidoreductases 

3. Transferases 

4. Lyases 



5, Isomerase 

6. Ligase 

(Synthetases) 



Operation Catalyzed 
Hydrolysis 

Oxidation-Reductions 
Group Transfer 
Group'Removal or 

Addition to Double 

Bond 
Isomerization 
Joining Molecules at 

the Expense of High 

Energy Bonds 



What Were These Techniques? 



Development of genetic techniques 
to cause microorganisms to produce 
super quantitios of desired enzymes. 

Development of chromatographic 
techniques, pnittcularly qel and af- 
finity chromaloqrnphy. which allow 
ono-btep roco-'ory with Ihousand fold 
purification of a particular enzyme. 

Devolopmt/nl of t'."»chniquns to immo- 
b'hzo ai'.tivf- f^nzymos and their co- 
factors thus s(nb}h;in(| and permittmq 
tlv.' r*^-viSO of oxpr»nsive ^nzyr^u^s. 



• Physical adsorption on a particulate 
material and then cross linking the 
enzyme to form a kind of enzyme skin 
or membrane. 

• Entrapment in a matrix by inclusion 
in a gel, as it is formed, or encapsu- 
lating the enzyme in a microcapsule. 

ThoS'.^ techniques v\ore devolof^dyfor the 
'iios; p<\r\ in Jdpan and Europe. However, the 
i!»-'!'^fSs Ih.it led to recognition of the resulting 
.'^f.'w pot^'ntMl for onzynK^s. plus quick infusion 
»^ SPV'.M ii millions of dr)ll;.MS irito enzyme tech- 
'■■ili^ny rosp.iich hy the N.UiO'ial Sciencp Founda- 
'■'j-' .i'Kl (.»-ri.iiM US. compjnips. h<ic; now per- 
■M^n* 'J ^)M!f'S to issurnp a world 

!■ s^i*;j fi^l'^ !'! ffi/ynv' nMii/atiou rt^sr\'i!c:h 

t?bStMMi.i! lo SxiS!:"iin this lcMri(Mship r)t^- 
' th'^ \riiu ibh' CO'^*: it;u(iO;if5 {hat '■^f>7ymps 
if^. (Mn 'TMkf US r>f IliCt i Vity 

■ ■. ■ ■• V r 1 f jv f ' ).' ;'-.''i V il.^ ^" 

. .; !••..- '■SlMVil-vl }/> » ,m W^^^ 
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Att ''chf to r^n mpft oMt^Tial by 
cl-t.'t.} ct^f-'n^.ic jl iifik.uj*^ siif J', 
t>i'wuqh \ cov.^hrf^i bond. 



Table II —Total U.S. Markets 

($ Millions)* 



tnzytno woup 


/yr / 


^ /a/ C/ 




Amylases 


8.31 


1 <:.0U 


i/t on 


rfoteases 




on 77 




OIUCOS0 isomcrase 


1 .uu 


Q nn 


R nn 


Celulase 


o.io' 


0,15 


0.20 


Glucose Oxidase 


0.35 


0.60 


0.90 


Pectinase. 








Invertase, Etc. 


1.66 


1.85 


2.10 


Co-Factors 






? 


Medical 








Diagnosis & 








Research 


6.50 


7.30 


9.80 


Treatment 






? 




35.26 


45.42 


? 



>58 

'This only refers to enzymes and not to processes 
they cataly;se. This market is estimated to be 
between 10-20X enzymes costs, i.e., around 
SI X 109. 
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a cure. A new two-step enzymatic process for 
tho production of chenodeoxycholato hns been 
diSCOvrr(^d It holds promise for producing 
chonodeoxycholatn at a price which would reduce 
the cost to around S30 a cure. This represents n 
potentiol savings of around a $1,000 for each of 
20 million persons in the United States alone, who 
nnqht st^eK a cfiernolfief apeutic cure of tfiuir 
oalistone troubles, not to mention the relief from 
vory debilitating surgical procedures 

\ 

Ongoing Research 

Let us now focus on what is happening in 
o.nzyme technology research in. order to point to 
what the future may hold for enzyme utilization. 

Several RANN-supported research groups in 
the U.S. hav(? recognized that the valuable char- 
actOMstics of enzyme catalyzed reactions will be 
roaciions involving highly specific dehydrogena- 
tiQMs hydroxylations. phosphoryialnns and group 
tta-'Sfors Enzymes Cc'laiyzing such reactions al- 
most invariably have a requiVo-ment for a co- 
enzyme, or" cofactor as it is s^omctimes known. 
A problem m using thpse otizymos is that co- 
crvyiTios aie frequently as expensive as the 
(Mirynicf^ themselves A seconci problem is the 
nPct'ssMy lu lomove the coenzyrrios from products 
the rnaclion. 

Thp ANN- supported Enzymn Technology 
cn'!!jp .i* u*.(.' U*'^ivorsity of Pennsylvania has sue- ' 
r f^';^;ftiliy sjjIvpcI this pi(^bl(^m in tfie case of 
j( hv:![;}q. M.i^^r Of^/V^nes by cov.ilp'*Mly coupling 
\\\^' r :f!:'i' ■ ' H J c: 1 00 1 : c W.' ropn/yrTu\ NAD. to laiqe 

Ill jr wfMoh* pc)lymr?fs A number of inv ^ 
\)'-^\\\v. .-^.hlems had to br- r»vorcoaip bpfOK^ 

fnf,; v.. If) i.T.^UM^|i..il U\ Mnmc^ivl'/P thp 
.. ' ^ r.. . . u t.. w. 

. * * : ■ ■ i • Kit ■ I -f A i"^' ■ I* .'. ■ ila Ml 

• ■ ■ • ! : r.-\.ilr 'iMy :-.iijp'r N^n 
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^ FiQufo 3' Coenzyme Structure 
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' .v'.w t'.---l A ?7in!.'r.ulr^ NAOH. For 
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tion {.;-koto ndipic acid) from cheap starting 
matericils. 

Woikmq alv^f^q sin^-'ar Imos a RANN siiDpoi toM 
gioup at tho Massac .isetts Instituh; of Tochnol- 
oqy IS lookinq into tlio ;ossibility of tfio conipieto^ 
synthesis of an antibiotic by on;?ymLitic mPihOcis 
The synthesis of this antit^vOilc. Gramicidin S. 
ustfs t.'n.iyrnes Uutl luy^-rie Uiu t^uOii?yniO ATP 
ATP operates as a l5hosphate donor in these 
reactions and must be regenerated by beinq re- 
phos^[)horylalei.1. The MIT qioiip has solved the 
feqt?neration problen^ by the use of relatively 
choap cfipmicals and is Ifivestiqatinq the re-uso 
problem by immobilizmq ATP to a polymer in an 
icjentical n>anner to that developed by the Uni- 
veisity ot Pofinsylvania group for NAD Figure 5 

in which ATP can be re- 



shnws several \\'i\\s 
rie^erated rcM Jtively 



:heaDlv. 



Figure G- -MulUstep Enzyme Reaction 



AV ADP 



D 



NAD NADH 




_ ATP 

ADP t \\ 

■ ^ NAD 

— NADH + H ' 



f-ig'.if^^ 5 Enzymatic Synthesis with 
"Enzymatic Regeneration of ATP 
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Pennsylvania Phc^nol. a t)y r^i oduct waste mate- 
rial of m.my industries can [)e ooiiverted by a 
spquencp of enzymatic; reactions to a very rc^stly 
chemical .;-keto adipic acid Five Sf^parale and 
s*''Clue"!lMl st'^ps are required to do this. 

The figurf? illustrates how :\ tfTie(?-step se- 
qu!""iti,il reaction scfiemo niinhl bo carnerl out 
immobii;7»^ei efvyrTies Bec.vjs(^ of the vas' 
■ I'l'TiiuM t^f ''liffpM\n| fMVyniPS that exist in nature^ 
j! Mi.iy Sfi'^M bp OMfifj [■)!(' if Ihn fLjrii'nl p'ACO of 
'*■■:->' '.uc h IS mnintamod (:■> rvr'^lv-^ in iMv chpniicril 
{}' n(!;;ctiOn schertips bv h- i'^ly f'^-'ri'Mii miilh- 

The Future 

' • ■ ! I !1V'. ! A*l ■ >t 'fii ■ I " K '.I 'MS . . U I i"d Out 

f. :'-i'P r i\) I'iy h.- .{.iphc i*"d m 



Enzymatic synthesis of nutritionally 
important amino acids for upgrading 
foods. 



A 



Synthesis of medically important 
chemotherapeutic agents. 

Ono of tho ur">Kjuo and oxcoocitfinly 
;iTiportnnt nspocts of^ on/ynios is then 
ability to catalyze storo-spocific reac- 
.tions Products of these reactions are 
extremely important as pharmacologi- 
cal agents. The in vitro use of enzymes 
for synthesis of chemicals such as 
chcnodeoxycholate is nn extremely 
important Q'ospect for (vu'ymc tecfv 
nolo(5y. 

Cofactor regeneration for synthesis. 

Cofactors \mII find use. particularly 

in tins Oiiyoi the energy crunch, in low 

to?rpH^i^^.jre low pressure enzyme 

ra*/»iy?ocj syi^thotic reactions 
« 

Enzymatic utilization of high energy 
bonds in chemical synthesis. 

Enzymatic pr'jcesseR .^f^ei a v. ay \o 
util.ze the cfiemicai enerciy from chean 
f f"-t'v\ abic^ rosou^ces ^or the orociiir- 
t.Mfi r'xpen?;ive Chemicals. 

Degradation of solid wastes. 

Mari> soiul ^^aste matenalf.. such 
' p'luloso arv.i ItofM'" are anu.'nat:U' 
^ly.lf '.)! vSi^^ i.^y ervyr^iatic mer^ns It 
■"•viv \y- iv-ss:b'o. thprnff^rr- to faca!'- 

'^■•T*' /.as^'"^^ * 5 lisof'.i! fi.it'^' a's a'""! 

Degradation of oil spills. 

\' /y • .la fiat-'a ^^^^^ twtvi^ 

■' ■' \. . a.-' • ^ ' r. -a^ t'>' 

Enzymatic treatment of diseased and 
aamacjed living systems. 




various metabolic diseases or abnor- 
malities. Most certa'mly an enzyme 
shunt to assist a damaged kidney or 
liver ts feasible nov^. 

• Development of acoustically sensitive 
enzyme systems for medical holog- 
raphy. 

Acoustically sensitive enzyme sys- 
tems appear ^ techracally feaiibie. If 
this proves so. they offer an alternative 
to liquid crystals as acoustical de- 
tectors and may provide a way to 
achieve a kind of 3-dimensional 
X-ray. 

• Development photo-sensitive en- 
zymes for film systems. 

Certain enzyme systems are photo- 
activated. Those systems offer an 
alternative to existing photographic 
and light detection systems. ^ 

This list could go on. However, for purposes 
of this paper it is sufficient to illustrate that the 
future for enzyme technology is very bright. 



Conclusions 

RocofM major breaktl-iouQhs in enzyme pro- 
auction, rofiovory and immobilization have cre- 

itrrJ tho potraitinl tc^ utilize a whole new class 
(if cM/ynu'S -thDSr cuuairnnG inlracellularly and 
M'quif ifiq cofactoi Tfiese rnzyrm^s. previously 
t- H> rxptMisiv(^ to coasiclfM in practical af)plica- 
\\ -r.s have important potentral uses in creating 
r - A pir^.r-sspc'. in control of the envnonmpnt in 
".M''h r:aip [li-i-vp'v systems, and in (niergy 
c ;"St*fvatM>n Iht y fvjvp rh(- pntpniuil to qeaeratc? 
i l!::v^s rf Ocll.irs af r.iw miiustfy and to help 
• a »a" /»' \}:\\.VH'('' fi- naynu-rits. The US lead 

i; 'i I.- hrw ,}nf]Y "'M'^t br* nian^!.nn(vj Hope- 

.-M/vf^'- t' f f-''^ Wnav n->t n-'M up .is 
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the manufacturing industries produce discrete 
prodi/cts — cars shoos, generators, and so forth.' 
Far tvofi' people a(f? employed iii manufacturing 
than m the process industries, mainly because 
the latter have lent themselves readily (for rea- 
sons w^^ shall note later) to extensive mech- 
anization and automation 

The manufacturing industries can be divided, 
again crudely, into mass and batch manufactur- 
ir^g industries. The distinction is based on the 
quantities of similar items produced and on the 
flexibility of the production facilitie?". Mass manu- 
facturers make thousands (or millicns) of shoes, 
cars and refrigerators using speciall7ed ma- 
chines, v.'hereas b^tch manufacturers make small 
numbiMs of items (typically one to a fev\ hundred) 
using relatively goneral-purpose machines An 
.una/':nq variety of goods, ranging' from capital 
equipnifMit (machine tools, generators, jet trans- 
noilsj to luxury consumer items (fine furniture 
and jowelfy). is batch-prcduced Estu^iates of 
the volume of batch manufacturing nave run as 
h.qh as 7f) p(^r cent o^ all manufacturing, but 
:io*'nitivo figures seem to be unavailable. 

Manufactuiinc of discrete products has two 
j>sttnct f)hasos m.mufacture of component parts. 
■.vfi'T-h IS often dubbeci ' discrete part mar-.ufac- 
UiM'K) ■ or sinipiy ■■fT*)anufacturing ' and secondly. 

s.st'^ni)iy of oarts mto pioducts. While a host 
■•■i r^-.i tict-vitios nnjs; also occui ff' g.. mspec- 
*■ V' :\-](] rnateVi.^.! handling) part making and 

{■',s*"^'nblv art^ t.ho [.\o really b.iSiC phases of 

B.iti'M I"-.: m.i^R .niUKifactuf if iq differ \r. tho 
^'1 iM.-'t'V tho * iJ.ir: m.iKinq :\n:\ as-^'^nil^Iy apf^ - 
1* -'"s. i':n \)'r- f^f^•"«^•^':es trace bacK \-'^> nrn.'iiic.l 
.!•■■;';■■ B.t:r h f^' ■ -ruiiiStrKn n.'OdiiCts An' 

'.^><, (\' f'(] !1! i'"iy f'"" Ui' (^^C:*l.ii.srii thf/ lOncI tCI 
...... :^;.'M..■ vjv.- Vl-'y MHViL:: r \\\'\ v.hosf' 

f J.-' . - ■ !■■ 'j .'.'Ai^i'm^'ly nfi) b;Mh Custom op- 
.-'.i' M.r.-^p ■■•■.) :"'f .■:'.];:t?^ !M' ::r^«^.anril 

' -v .■ ' . .■ !!)■'•; .'. ''^ 1^. ' *<|' ' ti'"Mi!«^r^i 
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...1...,., { ]'':■ i- :•■ J ■ ■■ ■ ^-.f t M r^"M..if|h ';u-Mn'- 

... . ; -1 I . . I. ''i II . ij V. ■ f »M |}, • 




RANN Projects in Industrial Automation 

RANNs small suite of current projects is 
mainly concentrated in the two basic, phases of 
manufacturing cited above, i.e. part manufactur- 
ing and assembly." The assembly projects are 
concerned mainly with manipulators (''robots'*) 
for assembly line service in mass manufacturing, 
whereas the part making projects are aimed at 
batch production environments. Thus both types 
of projects are attacking areas of manufacturing 
which have high labor content. 

RANN's activities in industrial automation 
began to take shape in 1971. when the nation's 
foreign trade deficit was swelling rapidly toward 
its 1972 peak. There was a growing clamor at 
that time for improved productivity, tariff protec- 
tion, or both, especially ih those goods producing 
industries that were most vulnerable to foreign 
competition. Thus automation projacts were en- 
couraged and selectively funded, .and projects 
that showed proniise of yielding flexible results 
broadly applicable to labor-intensive activities 
v/ere favored. 

The passage of two-plus years and some 
favorable changes in our trade figures have pro- 
vided additional perspectives both for RANN and 
for Its investigators. Happily, the directions taken 
initially still appear to be sound, and the trade 
reversal has provided some breathing space in 
which projects can aim for results that will be 
useful in the inter'mediate. as well ' s in the im- 
mi^diat*" future. The receni foreign trade re- 
versal, however, most assuredly does not indicate 
that ArTiCticas productivity prc^blems have been 
solved. The reversal is attributable mainly to 
S'wnr ■ rloHar devalutions which have reduced our 
rol.U:vf? standuul of i.'vinq. and \o unusually large 
c'ommodity exports that may be non-recirrring. 
Itvieed. our relativo (to nui m.'ijor competitors) 
i'i'lu5;tri.il prociuctivity has contiruied to decline 

tfu' [):ist f'^w y*\irs if ch;H)ger> due to devalua- 
t :\r,[i /fw.ilu.H'or^ of cuJi r^.MW.ios removed. 

[^u! thoro ts morf^ to aijtc)rTKation than [)ro- 
■.hj. ^'vity l^opular arttdes on automation cite 
'.t .:'! !':i:v\i" .iciva'Maqi's .ir, \n^\■)\o\fO(\ p.ut/ 

;■; 'it:.' t :)-nMy .if^d Sp^^r-l-fM rPf5ponsns tO the 
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marKot place. Those and othof attfibutes rill car. 
b(? liimpocJ into the word control. To antomntf^ 
•nanu^a^^lJ^ inq ont> iin^i.-iist.irui n^tMiifac'- 

turifiq deeply v\hon it is so iindorstood il will bv 
controllable ir^ ways tfiat are impossrble now 
except through "seat of Ihe pants" jiidgrnerTts 
Mar^iufacturing parameters potentially subject to 
close control through aulor^^ation (and probably 
or"»ly throuoh .autoniation) include, m addition to 
qualify luui throuqh-put. ei^eiqy and material con- 
sumption — two topics likely \n i)..^ more impoitant 
m the 1970s and t980s than in the l9S0s and 
1960s 

Thus far then wc have productivity : nd on- 
h.irK:•^•i CT^ritrollability mariuf actu ri nq as the 
ri RANN's iruiustrMl autoniation pro- 
(]ram There is a thru.! qoiU of q'oat lonq-term 
imp.jfJance . i'; many ways a S'Pq qua non. 
It IS- su^'^cmrtiv ^hp (Creation of a scientific bast' 

m.i-njfactu'iMO 

The Lict tf'at manufac tur'fXj tacks a sc^ienlific 
Ovis.- !S bo!t^ s.;!0:tS!nq anri qnnerally unark'-iowl- 
edged \\ can bo appreciated bv comparinq man- 
ulaoru'-nq w.th the proct-^ss ir^dustrie'^ Pot'Oleurv 
'i U^\)^\cs. pe^t't}cf''-Mn:cal plants, papet mills and 
fht-k fMT^ploy r,.q'Mficantly S"-'.\Pf people per 

tf ;M(nl!;r! produced and havr^ sio'^ificanti, 
ri=qr.^r c K.v-ai r'-ve^stff^^' nt pe?' employee Why !S 
'a s-:"' r^^ th^ ii^sv/or l-.^s ir*. th?^ !-:»ifnp|f* f;ir* 

ff\e f"^-''; ive 'JP':-MSI' v*)a thrs'' ">das*f :f ""^ 

V^.-v \ \ ♦•MS f-qlv g-"^^"^a a^alyttc.'.l n^vif-^k 
*■ ^ .\ t-f :'.VSS^''S T'd *h. f«; w jb-r df^*^»0'" 
w :'^'s M^.' lO-lOs a'^d '^v;a.; * M r! iss'- 

■■ ■ f ■ .1-^; m^-.^ -v-i' .:' >o!..rT a 
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improvement, controllability enhancement, and 
the laying of a scientific foundation for all such 
work. 

Productivity and Its Effects 

I. 

Because productivity and its effects are 
sometimes misunderstood a few comments on 
the subject are appropriate. 

History teaches us that man learned first to 
communicate, and. through communication, he 
learned to organise his activities and. later, to 
deploy technology. The marriage of technology 
and organization led to modern industrial so- 
cieties. 

A signal result of n.an s ability to organize 
and to use technology has been, and continues 
to DC. the ability to rcdvploy resources for new 
purposes without diminishing h\s material stanc^- 
ard of living. This is what productivity improve- 
nient really means: freeing resources for re- 
depioyment The freed resources are of course 
I ibor ar^d ■ capital dividends created through 
■emvestment. ' 

■ t is important to understand resource re- 
de^^loyme^t. because many people today are 
Ljt'.'oniy concerned about social and environmental 
pioblon'is and are clamoring for resources to 
.inri'y to such p'oblenis No* ^^^veryone realizos 
howovpf, tf^.at social and nnvi i nnmental programs 
::.}''*'suri-.p rather than create ri^sources. at least 
the shtwl run ^urh nM^^MiaMy countrM on^duc 
'■VI- n''«uir.inu; •h''Mpfc;fr rnijst he balanced ■ -i^ Wf» 
v. ir.M ?o nrf\s»^fvr' ijfjr stanriaTl /^f i;vw>q [jy pro 
<:jf:*'vdv-^'*nliancifia ornqt ams The aij!fv)rs iin 
■ -^vr -ha! .a b.iianc:(^ h.is '■-"'t vot b»^en str-jr.k 
nf^avir^:^. ^^f1..^r-S■ j: j tiy !n.'^ davO' r-f^l'^^^l b;;» it 
.f' l^: 'hf^ !'..'rn iv b'» ' i\rM m RANN 

The Production Automation Project 

' r- : ■■ la/;' : : -7,,-; '1 i-..- 
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labotatcu. 

/\ii{oriKit!Of^ or aliTiost :\"\ {.»r'.n t'ss pu- 
Ti.inly ^in exPfC:SO ifi iflforMKitir-M pi ..-cpssi pq To 
q.irn uisiqlu 'Pto \\\(: tvp(^s c)f hi^m fi\!tic"^ii are 
iP niodPMi Pifu^'MMif.Ml h.itrh ni.vnitactui inn 
look ["^fipHv at hovA am fii.vlp tt^ciay 

■ it G'^'a^son VVofks bf?ca" so Gipa<^c^n «; orar.ticos 

^r.;).;:f^ . • p.j-s?alr^s iM{.i .\ (lotji! '1' '.vM'^o a*^ ip 
}'\a->'0 A T'hp iifavMnn hec^^'^^Ps thp r1ociimnnt:if y 

■ * p.jft. a'ul on »! .I'P Par.r'-.! 

f' «! V '■^i.bS'-n-' ra (M-(v.!t';''*s !.i''-cipa t-a rnakp 





Tho fiist of these is process or operatiori 
[jfanninq which is done by a process engineer 
iFiourr 4) nvho cioviscs what rniqiit bo tejmeci a 
■siiait)ciic: plan"" (Figi.ro 5) for the part's manu- 
faclnre. The plaa is passed to part programmers 
(Figute 6) and others wfio devise the 'tactics'" 
p«}edcd to execute each operation specified in the 
piocess plan. 

hi most modern firms many of these "tactical 
p'a.'is' aie prepared :is part pioqfams (Fiquro 7) 
• 'un^uM ic;iMy cchiIi tailed (hiC) riiacliinc^ lools. 
Part prt^qrams usuaily must be entereci ir.ito a corn- 
r-uU-f ^^lQuro 8) foi tf afislatior^ n^* ^ cor^trol tapes 
for NC tools 

At this poit^t. essentially all of the information 
■;-rped \hv pa'l fuis \)vo.n qeneie*'d 

l: IS thfoe fn.Mns the defmitlonai diawifig. tfie 
prc'.ff^ss !)!an j.'id NC ta[)es kH^mmnfid sequences 
for NC tuolS) These aitifacts aie showr^ ().hys- 
i;Mi!v ir^ Fiqiirn 9 and logically m Fiqure 10 All 
a'k: sen^ to liu'- sho[i to qovern the ['ihysical manu- 
*n :;jie 0^ !h'.' p n?s in Fiquae 11. 

Fiqure 12 shov/^; ihe compl^'te leqTaf dia- 
At \\U\Ch v.t^ C.iM ';av. ms t^v d. -sr:! 'fjtior^ 

r^-^ hri'-* ! th^i-uijh raa'\i*arltjr :na 

\ '^.)::^- f*f«':idv a \{:-\' (^- f^s^d* ■ il.'l'^ (j'^vninl of 

: . ; .■ Iv hiiiM !f t r^!v ' r p' -^^ : * n 

. ■ ■ ■ . . .;. 1 : . tpf r-.^ A.H^ 

■ J } ; w. ()? • 'P T • " . J-*^r 
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tools Prior to NC' dinwifigs often wore p-issod 
direcllv to skilled crnftsmon \r^ tho 5ihop Thp 
rrn^tsmor^ ciid rnanuf jrturifviypla'^nifici for pnch 
part largely m their heads. 

The inver-ition of NC in 1950 (at M I.T.. iisincj 
World War II servo technology, and intended 
initially fo*- military prod\ictlon) set in train a 
Si?ries of cfuinyes n'r nuiruifacturifig whose 
eventual end is probnt')ly tho fully automated 
factory Fundamentally. NC takes the control of 
tools our •'•^f the (literal'* hands of crc^fts/nen and 
makes them cont'-oHable from "above." ^through 
mformatic^n that can be manipulated in compu- 
ters, transmitted electronically, and stored com- 
paclly Th(7 basic issues in manufacturinp auto- 
•nat'ori a^r U<)r.^ how far above the tool should 
c(uitrol oe oxc^cised. and how nujch of the 
curre'^tly n^a^vjal plannlnq. Dronrfamminq. and 
viocumenta!ir-': work Can be .lutomatod r-co- 
nomicallv ^ 

Inclusuv s aoproac^'^ lo a:itcmat;on and 
eari'er ?o nipchanj/nno!^ has Lt-en t^voiutionar y 
•arher than r evolutior^a^v Tools vvere iniproved 
qraouaMv over »he cenluMO? with NC's arrival in 
the ^950 s bemg m rotrosooct a mommtou'^' ov.ent 
Pa'f praq'""imnvoq systonis v.prp developf^d lato 

.r rho lOf.ric: , r - {ho IQf^nq Tnnc;p -jrp nrv.v ir^ 

■,Mdf\sp''Vid. :;'^f' Tne tuic^t nns cl thp .'^.dustrv 
'PO it tc: .rt'Vrot :n tnn ! Hf^Os .i'*0 CuMOfMly a 
* j'tnof a.' f1 s^e:* if^rr^v.^ f Firi'jfp 

itjt-. 'fr.!*-.. f" :-.i'ta' [Mr? iv-^qr.uti 

**"'f^fj T»*0Si* h.iV^* '"^f^t l^'-fV' VP'V f'l.T:" ■''^^S 

r • f = ^ ' • '• * ! \ / ■. !r , . k;; ■ ' irV- 

''v.i ■■■■ : .* '* 
.. ■■■ ■ > ■ ■ ■ •■ A - 
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a system ip terms of endpoints — part descrip- 
tions and p'arts. in our case — and then determine 
svsteM^iahc/illy what rTiust be done by the mter- 
veninq process. "Mfq. ' given the constraints 
imposed by extant irwestments \n equipment and 
skills. 

Our project plan calls for three sequential 
stcigos. riqure 14 describes Staqe 1 qraphically. 
We con^pleted Staqe 1 a few months ago. and we 
are now completing a Comprohensivo report • 
detailing our findif*4^sv conclti'sions. and hypothe- 
ses ■ Stage ' took corlsiderahly longer than we 
had anticipated for several interesting reasons. 
Firstly, compute.r-based technology for manufac* 
tiiring is burgeoning in the form of numerous new 
commercial systems which purport to solve 
various phases of the manufacturing problem. 
This technology is difficult to survey because 
there are few standards on vvhich base com- 
parisons, almost 'no objective principles defining 
\\h:\\ systems 'shpuld' do. and no agreed ways 
•0 talk about maiiufacturmq systems abstractly. 

!o be ir.'VuOd in 1974. 




Sufv(-y 
Avail.iultr 
Toi;riPoloc)y 




' ' ThosG problems, hpwever. simply manifest 
iho central problem in marS/bfacturIng onglnoorlng. 
There is no accepted and pifblicized scientific 
baso for the field. Thtis we were unable 
Stage 1 to define concisely and objectively 'the* 
problems we wanted to !iolve until Wo took <ho 
bold step of postulating, d mathematical \^o\a 
system in which to model manufacturing. Once 
we had donr this. bolH our problem-dofinitional 
work and our technology surveys fell into place. 
Whether our mefa system is a noed one can only 
be docido^l pragmatically a fow years hofice 

Stage ? rf the Project is shown as a serios 
•)f objoctives in Table I We ore now in Stago 2A 
and expoct to attain its objectives for usefully 
largo classes of industrial parts' and material 
removing processes. Progress in Stage PB is 
strongly c'ontingent on meeting successfully the 
objoctives; of S'fage 2A. Wo jare at leas.t one to 
two years away from Stage 3. which covers staged 
feasibility and practicability tests of prdtotypo 
systems; These tests, if successful, will be fol- 
lowed by efforts to promote the new- technology 
vvhile simultaneously extending and improving it. 



The Gleason Input 

Gleason's rote in the Pro|6c4 has several 
fac50t8 tiiat 'night be summarized as providing 
practical uxporience, providing personnel to do 
specific' tati^ks when their skills are appropriate, 
and providing a test bed» first for ideas and iater 
for experimental systems. 

Gleason '.personnel contributed strongly to 
the technology surveys, for example, and will be 
closely involved with the performance goals and 
user-interface characteristics of oxpurimontal sys-' 
terns. At present, while university personnel are 
engaged in theoretical and exploratory phases of^ 
the work, Gleason personnel are 'analysflng . a' 
sa'npl.e of Gleason parts to determine certain 
chnractoristics of particular importance in our 
planned approacn. ' 

• In conclusion, we invite all interested-^parties 
to view our forthcoming report as a serious at- 
tempt to lay some foundations for manufacturing 
ongindering. and to direct serious criticism at it. 
Our particular approfich may prove abortive, but 
othors must take up the work if we are to reap 
the benefits which automation can offer. 



Table I 

Stage\2: Research & Experimental Development 

Stage 2A: Develop Systems to Describe 
Parts ♦ 

Tools , \ . 

Processes 
Stage 2B: Develop Algorithms for 
Planning 

< Control of f^anufacturing ProCasses 
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MAGNETIC SEPARATION IN THE 
MINING AND PROCESSING INDUSTRIES 



Henry H'Kolm 

Francis Bitter National Magnet Laboratory 
Massachusetts histituto of Technology 
Cambricige>Mass. 



Magnefisni has been used forjnnny years to 
soparato magnotiQ particles from a mixUne of 
non-magnotic p:u tides, it has* beon uyod. fof 
example/ to i»^mc>vo steel chjps from breakfast 
coroal aiui other piccossed foods, ci to extract 
maqnptic i^-^n oto from a mixturo of non-magnetic 
miPOfals 

■ A variety of machines have been devoloped 
foi th's f^Miipor^e T"hey consist essentially of a 
roiatmg drum or a traveling belt tha^ canies the 
mixture to be seoarated over ot under the poles 
of a electromagnet or permanent maqnet. How- 
I'vtM m.icirKMio sepaMtiof^ in the past' has been 
restricted to the fev. materials which are strongly 
!^i.^q?^"t'C Mui to particles o* rela^ivnly large sil^e. 
iVI.icTtichc seutuation has therefore been of »-athfv 
lestnctet.i utility 

Broad Application of Mtignetic Separation 

RereMi! achiovivnents at the Fiances Bitter 
, N;atinn,>; Maqnot Laboratory at MIT now make 
. It possible t(^ .'.Dply maqr^etic separation trcfi- 
t^iqu-es to a mijch taiqer class of materials tfiat 
dii^ so weaKiy nvionotir tfiat they' do not acthere 
to iVfi;;M'y 'n.ionets. and to parades of -H;iich 
^f>Mli s'/e^. I'Kit thov remain sirsponrlocj m wa^K 
A-rh-.u' ^<^;tiinq '\hr sO'CM'^m! cnlln.tjji fn-tter m(s 
^^^.v.'f ft;f msiMK^h maqnots \\ tht^ Tram^'S B'ltor 
l.ji)."^r.i(fM V v.n shoA"! \n Fiqijpo 1 This dov^Mop- 
; h is v»Mv i^xcatino afifi faf 'roac:hif^g implica- 
*' --^s^^^^^ lus^'- it pioviOes fnan ^\\]) a ncv/ nu^thcKl 
/■ or.iiinn \Mth C(Mlfvclal [vn!:rlfvs on .1 l.iiqo 
*s^ ai'» Hoif»!(^fiM(^ triis h.is ''o! horn pr:(")nr)mi(\ally 
p.'^iS'tW" Tt>o {^foblorti of (leMlir^q vvitfi smai! par- 
!.;'!^'^^ IS luJMaau^nla' tr^ a vanity areas Minmj' 
Of Mcr-ss:f\r) for exa-npff^ mviilvos t^i"'' Px! ac:tion 
'"■^ va.l..aL)'c -rortUHMipnts honi m.fuM,iK No iTia'tei 
n:v/. f:t;»i .IP ftiay he its valw^ is Vvi Unoly 
lA'i rxtract'or- fv MP.(ini(c:.iMy impnssil^l.' 
\:)t] thi^ 'M.'^w.,! ,q (jfscMfJO'l -^S nvrip tulinris In 
^ "Mny m-riiMfj ; >pt *f .t*:onr. ninjp valih' rs c! J^;r, 1 1 v1 




vMth taihngs m th(i fmm of iwuoc:o\^Mable slimes' 
tfiari IS extracted. 

In some m-m^ral apphcations ob|eclionable 
imiMirifies tan b(^ removcMl tfiiouoh funh-qradient 
magn(<ic separation, as th(^ pioc(\ss is called 

. One applrc itiori already realii^ed on an indus- 
trial ^scafe IS tho purification of kaolin, a wfnte 
clay h$ed in paper coating. This is done by the 
removalXof colloidal titanium dioxide, which is 
stamod by\'*ripr imfiiintif^s. 

Another w>fy impoitant appliCiition of t^ijs 
sort. alr(\i(iy demonstrated m the laboratoiy. is 
th(^ reiTioval of sulfur from {)ulveM/od ;^oal 

A further application is the punficatior: of 
watCM — including drrokinq v\ \\ci^ and industrial 
ai d ruiinicif^al wasto-^hy t^ ipnioval of siis- 
[VMUiod organic: .md inof nanu. 'a)n t. inn o ants, as 
A<.'ll tis ccMta-n df\so!v».'d contaminants 
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Applying Research to Need 

Tho ciovolo4)n>ont o1 those mnv •methods of 
matvKMic separation ropiosonls a vory intorestinq 
casu hisloiy'in tochnoloqy transfer ami iho rolo 
of soienco fiindinq policy. Tho basic knowlodge ' 
in maqnolism and magnol technology fi^Tuired 
in' Iho diwolv-jpmont of these new technique$\ 
evolved over a period of some 20 years within ' 
the physics eiommunity. Sophisticated magnets 
were used to. deflect and focus hicjh-enorgy par- 
ticle beams, and to . perform certain solid-state 
and 'plasma-physics i7ieasuremonts. However, 
this body of knowledge novv-^r foinul its way from 
the physics cqmfinjnity into the practical worfd. 
the comnuimty'of f)eoplo concerned with rTiinoral 
processing, mining equipment conslruction. sffi(^^ 
tary engineering and other related areas' The 
fust transfer occurred sonuo five or sik years ago 
as a by-product of other research. 

High-gradient magnetic separation was devel- 
oped at the MIT National Magnet Laboratory in 
conjunclion with a basic research project involv- 
ing a search for elementary particles carrying 
magnetic charge, the so-called Dira: monopole. 
an elementary particle that has hT3ver been found. ^ 
although its existence was predicted 55ome thirty 
years ago. The mosf'likely source of such par- 
tides is deep-sea sediment, a colloidal mixture 
of f.inely divided minerals High-energy magnetic 
monopoles arriving with the cosmic radiation 
\sould bo slowed by ocean water and trapped 
m the riiagnetic components of deep §oa sedi- 
ment Only a very small frai:tion ol deep sediment 
IS magnetic. Since it is difficult and expensive 
to obtain large quantities of sediment from great ■ 
depth, we do^vclopcd a simple device that could 
bP diopf)fHi from an oceanaqiaphic vessel (Fiq- 
uro 2y would punip laige quantities of deep-sea 
sediment through a magnetic separator, ori.the 
ocean bottom, and would tnen float the collected 
maqnctic particles to tho suifacp in a *cnp-,.ulp 
provided with a rcuiio-beacon and n n;;sliinq 
?;trooo Jiqht to facililatp recoveiy Thp res^ilts of 
tins seaich v\oie noqativc in the sense that no 
m/innpt'0 monopoles have beo'^ round It was only 
latPf thai th(^ tochnuuip v.-as (invploppd In con- 
•M^r^on Aith impoMnn: pr,Kii(M! .ipplicnlions 

^ Tho fi'S! applications v.-Pie brought to our at- 
Ipntion by recewt MIT qrnduates workino in thp 
niinnr. il ifH'iustry who c:wjj baCk to MIT for advice 
ii^ solvnq prohlrnis thny porreivod to bo m-^o 
nolK^ 111 nature Ttie first such pr()[)k>m invoivfVl 
thr 'Extraction :if friolyi.ul(*niim tunqstpr^Sind othoi 
ftu'!.ii (ixiilps iKMMq ciiscai-qpd in I uop quantitios 
fn>Mf* t.ulavjs l}e(:nur>'.E thpy v.on'^ too rmolv 
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dividocf tor economic recover*y by ariy known 
process. ►The extractio\i of molybdenum ap-poared 
economically feasible on the basis of laboratory 
tosts. but the mining industry involved was not 
interested m undertaking pilot-plant development 
because, iri thejr words. ' We are in business to 
make money not molybdenum." This represents 
one of many cases in which private rniriing inter- 
psts baspd on the profit motive only do not coin- 
cidp.with the national interest. Government irv 
tofvention is necessary for the sake of conserving 
both ^orT>ustic natural - resources and wiipoit 
dollars. , ^ - 

# 

Kaolin Success 

Th(? second application that happened to 
come along, by contrast, was an immodiate suc- 
c(»ss 11 involv(^s the purification of kaolin, a 
\\\)\U' t:l.iy us(?d in pao'M coatjnq. Resources of 
-natufally while kaOlin mo being rapiiliy depleted 
l[io much farger quantities of^ contaminated 
kaolin can nor be whitened by chemical bleaching 
'jrocesses. A Georgia kaolin company fiad dis- 
:ovoipd that the discoloratic^'i m cpitain giades 
ol kaolin can l:\o rnmoved .niaqnotically on a lab- 
oiatoiy scalp, bul all of its attnmpts \o accom- 
}")lisli tins puMficalion on un nuiustnal sralc? wpro 
unsucc€\ssful. After oxtt^.nsivp dpalinq -with all thp 
f 



mvnnufncturors of magnetic separ^Uiot; equipment 
and ci number of consultants in the fiold of minomi 
bonoficiatioft, this company rGturnod to MIT pre- 
pared to try tho novel and relatively iintosted 
approacti\ following §hf^ossful laboratory tests, 
throo succossivoly largor machines wore built for 
the Georgia kaolin corTipany. thus translating 
^^phisticated magnet technology from the physics 
community to the practical world. ^ 

The economic benefits of ihis application * 
wer0,no1 restricted to the savings in process cost 
over competitive chomical methods. Tho new 
method also made possible the beneficiation of 
kaolin depositff previously not amenable to eco- 
nomic recovery; and the tangible reserves of 
kaolin in the U.S. ha^ife increased many-fold as a 
result. 

How It Works 

Before discussing further applications I 
might explain ^lhe principles involved in hi^h- 
(^radient magnetic separation. The technique is 
based on n fact which is rather obvious in retro- 
spect — that the force cixerted by a magr^etic field 
on a magnetised particle Is proportional not only 
to the field intensity, but also to the field gradient. 
For .a magnetized particle to experience h mag- 
netic force, in otfier words, the magnetic field 
must vniy appreciably over the size of the par- 
ticle. If the magnetic fieid'does not vary appreci- 
ably, the forces exerted on the north and south 
poles of the magnetized particle will simply 
cancel 

Ferromagnetic ma. -trials are easily magne- * 
li^od by an applied field, but their magnetism 
saturates, as illustrated -n Figure 3. Paramagnetic 
neater lals are tiaidor magnetize, but do not 
satuwite They are not normally consideied mag- 
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netic because they are not* attracted appreciably 
^by ordinary magneta^But in a very strong fiold. 
*they can also become magnetized. 

This pherifemenon is illvistrated in the next 
two figures with powdered manganese oxide.«\a 
weakly paramagnetic maleriaL In Figure 4.- the 
powder is not attracted sufficiently to the blunt 
end of a magnetized iror-i.fod. But it is picked up 
by the pointed end of the same rod in Figure 5 
For a magnetic force to appear, the field must vaiy 
sufficiently rapfdiy so that the north pole and the 
south pole of the particle will experience suffi- 
ciently different field intensities. 

To generate fields of such a hiqh gradient re - 
ouires , ferromagnetic structures whose size is 
comparable to the size of ♦he particles bejng 
separated. The various structures used in con- 
ventional separating equiprrient were simply too 
coarse for the job. As we attempted to refine 
magnetic pole geometries, we found our designs 
approaciiing a very common type of material: 
steel wool. We found that a matrix of finely 
divided ferromagnetic material, such jis steel 
filaments in the form of a woven fabric or tangled 
mass, produced very large volumes of high gradi- 
ent field in the form of magnetic flux that emerges 
from the numerous\sharp points and seriated 
edges. Such matrix material also has a very large 
surface area on which to collect magnetic par- 
ticles. The main ol^stacle to the use of such 



Figure 4 
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hnrly d-vuioci fiKiInx m.itiMials is the fact that 
to l)t; it all uso'fi)! thoy .must contaui much void 
so.K'("f' Compjossod stoo! wool, for oxamplo. is 
o'My V- per cimt 5;ol'd 9S^s. void It is impossiblo 
to nu^qpeti/.^'' SU-. h .1 matiMi.il by ;^inans of coo- 
^ vrntional maqno:*^ b(^ccuj?;p it will fiot conduct 
iTiaofM-^t'c flux To nuiqoot«/e matrix matoriaks 
effoC'voly requifos sopfur^ticaUHi maqf^ot tecfi- 
f\Moqs such as has boon dovolo[)od. for oxampin 
in the* cof stujction of bubble^ chaiTibors tor hiqh- 
fTUMoy partirlo af^aiy^^^is Tin* availal'xiity of this 
si.Hn:ial know-ho'A' (>»\iblocj us to'solvo a problnm 
I^^j! v\as bnyand the knovJodqp of oxpnits in 
jninprMl bonoficiation Howovt^i. [prhmirloqy trafis- 
cjops \y^\ oiui with thp laboiatojy soiutiofi (^f a 
(livi.M (iioblon^ It rpcvanns sustainnd intprdisci- 
;■)! M.uy C(H)poiat:on and a qnwl dp'il of offoit 

Ot-^M^f poN^"4<n .lOpl.cMlirns fnqli-qr-idiont 
s« j\i'al>0'^ o'ncMqpo V'^ry soon aHcM solutmr^ of 
^Tt. Kj.M"^ ' tI^Ipiu I sholi df-'^CMh'^ most 

I! h;i:l t)OPr^ knrnsn *0' son»r |imr; Ifi.u about 
. M<)i' .a lli'^ sul^n* i') co.il Ihp lM(^fq.ulIr suHur. is 
r wta.r.f'd .n for'i. pyiac-. v.hirh 'S very 

At- '*^'y f'-.ui'^Ptu S'f:c<- '-f);!! »tS('if "S r^'?-vm,iq 
'■■ '.. -v rvPn VJ\i»<IV d" ) Jn.in'»/Mn- .iPO't'iWs V.r-ff- 
I ft'irrivp if^o'fiai'.'i'. si.'Huf 'rofti (.n.il maci- 
•'.•In. ally Tfi'^ ronrliisuvi o* fhpsr p.idiot tosts 

5^Mt Ml.' {3'0(^{^f;^: K fio*;s:hhi n oririCtulo 
M t! rx'--.tii (1 MMrr'Plir SOf^ai a'"r r. W^Mf^ i;Mt id'^ 



cjunte to porform it on an industrial scnio at an 
ncceptablu cost. Recently, however, a doctoral 
thesif- clone at our laboratory by, a grnduato 
student in choft>ical onqiruuMinq from Brai^il, with 
support \\o\w Itu-^ Bia^^ilian qov.ertiment. has showi> 
that hiqh-qradiont separation can romove pyrilic 
sulfur from c;oai piilverized in the convontio'nat 
manner and that »l can bp done at accoplable 
cost, about 75 cents »a ton, 

Extending Mesdbi Resources 

Afiother very important application involves 
the GxtractiQin of so called "non-magnot'c" 
taconitt\ the most abundant iron ore of the United 
States. Taconitc has been mined for ovo. a cen- 
tury in the IVlos*nbi Range, a vast deposit extend- 
inq from Minne'sota through northern Wiscor^ifi 
into IVlichiqan. This ore forms the backbone of 
the Gieat Lakes steel industry Substantial quan- 
tities of It aie also expoited from Duluth. terminal 
of the St. Lawrence Seaway In about 1960 the 
so-called direct-shipping ores had been doploted. 
Tfio remaining deposits were no longer suffi- 
ciently rich to be usoti directly in blast furhacns. 
which require ores of l\\ least 65^o. iron content. 
The r remaining ore in the (\/lesabi Rangj^ was aJs 
poor as 35^0 in mar2y cases. Doomsday in the 
' Mesabi Range^was'averted by the development 
of a new technol^^gy; pelletizing. The low-grade 
ore was ground to a fine powder, taconite was 
extracted from this powc^er by means of magnetic 
drum so|:)arators and flotation processes, and Hie 
lino black concontratn of tacomte was formed into 
fifOd ceramiv: polUMs of adequate si?e and 
strength to be used as blast furnace charge 

Now. after ten y(?ars of pellotizing a now 
traqpdy h,is struck: the reserves of magnetic 
tac:onit(^ appiOcich oxiiaustion. and the vast quan- 
tities of remaining ore (Ue so-called semi-taconite 
(u non-maqnetic taconite such as that produced 
at* the [3utl(M fvlinu of the Hanna fVlininq Company, 
r^lmwn m f'lgurf G ' Tliere exists at pa^sent no 
(H:ononii(:ally fe.'nsiblp prt)cess foi rioncontralinq 
this i^Kttively non-magnetic mat(?nal Hiqh-qradi- 
ent spparafion. however, is capable of doing so 
\vM\ thereby extondinq the iion ofP resoivc^s in the* 
M(>sabi Range almost mdofiriitt^ly A continuous 
h!fih qradiPMt sp[)aiat(u.' installpd \\\ the National 
Muqi^^'l l..al)c)r.iioty is shown ui Figure 7. This 
separator us(^s a nuv ^q matrix in the form of a 
carousel with a numt)fi of chambers as illustrateci 
m r iqure 8 Pu Ivei i/iMj taconitt 
•/.hi! 



IS introduced 
llio matrix 'is maqootrz(?(j. and IItc non- 
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magnetic" fractions are allowed to flow out. The 

rotating carouse?! thon- carries the retained mag- 

netic fractions to a field-frne region, whore they • ' 

are washed out. This relatively small machine , 

handles more than three tons an hour. 

Poiiution Application \ 

In conclusion I would liko^to clescribe what 
may well turn out to bo the most valuable appli- 
cation of all. the treatment of water. It has beer 
Known for a long tinw that^ certain impurities, in 
particular coliform baeteria, can be removed from 
sewage by adding colloidal iron* oxide. Unfor- 
tunately the process is not very useful because 
the removal of colloidal iron oxide in ^ ;elf 
presents a problern which has never been solved / ' 

satisfactof i4(^n a large gcale. One can filter a 
swimming pool, but filtiation is unthinkable for 
say 'Lake Erie or even the output of a large 
municipal sewage plant. High-gradient magnetic' 
Ge'paration makes colloidal filtration feasible by 
permitting flow rates 100 to 1.000 times faster 
than rates associated with filtration. F-i^ld tests 
conducted over a period of six nionth? in col- 
laboration with the Metropolitan District Com- 
mission (MDC) the agency respons'ble for water 
affd sewage treatment in greater Boston, has 
persuaded them of thc^ feasibility of magnetic 
water purification Magnetic Engineering Asso- 
ciates of Cambridge i.:; currently working under 
contract to study the cost of purifying the Cliarh^s '* 
River Basin by moar^s of a i)n?g(^-mountrni mag- 
netic separnloj which continuously temovn?? con- 
ta/Tiination from !h(> r ivor l)()ltoni sludge. The — 
process undtM (jr?vp|(^prn()nt. (^r^, .\ lalioralory 
h'isis thus far. performs the furu;ti(H} of K^inovinq 
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colifcjrm bacteria. o\\]0r susponcle^d organic solids, 
odor, biological oxygon demand, and suspended 
inorganic colloidgl substances. 0( particulaf in- 
terest is the fact that tfie process also removes 
virus contamination, certain trace chemicals, and 
certain components of dissolved nutrients such 
as phosphate, a process commonly associated 
with tertiary ?owage treatment which has never 
been econo nlcaiiy feasible before. But the 
process can now be feasible with the use of a 
large supercondjjcting magnet, such as that at 
Argonne National Laboratory in Illinois, shown 
in Figure 9. The Argonne magnet is used to 
generate a 30-kilogauss field in a space 14 feet 
in diameter and six feet high. It cost $3 million 
and because of its superconducting feature uses 
only a negligible amount of electric energy. The 
advent of higli-gradient sepawtors using magnets 
of this typo wili mal<e it economically feasible to 
deoontaminc.!e large natural bodies of water, 
perhaps eve?; Lake Erie. There is no question 
in my mind that sooner or later all sewage treat- 
ment will be perfo-^med on the basis of high- 
gradient magnetic separation. 

The readers might wonder at this point why 
such an obviously important application of sci- 
ence should not fintf its way into widespread use 
'spontaneously, now that its value and feasibility 

Figure 9 




have been demonstrated both in the laboratory 
and in at least one industrial application. 



Incentive Lacking 

The answer is that various industries that 
need the new technology are unable to conduct 
the additional research and development needed- 
to reduce high gradient magnetic separation \oJ 
P'-actice in e^ich specific fjeld. They are unable 
rot only because they do not possess the inter- 
disciplinary talent required, but also because in 
many casgs^here exists no demonstrable self- 
interest, as in the case of the mining indi/stry 
cited previously. This is true in most mining 
operations, not just in the case of molybdenum. 
The kaolin industry represents a relatively rare 
example in which immediate financial benefit to 
the mining operatoi was obvious. 

Pollution control, in its various forms, is an 
even more striking example because decontam- 
ination always involves a deficit, and the less* 
pollution control technology exists, the Jess any 
operator be required to invest. If coal can^ 
not be economically desulfurized. a mining operr 
ator will simply have to be permitted to sell high- 
sulfur coal. No municipal or industr'al waste-water 
treatment facility can be required to perform any 
decontamination process which is^ not tech- 
. nologically feasible. F or these and several other 
reasons, the application of high-gradient mag- 
netic separation to pollution controls needs sup- 
port outside of industry. 

The RANN program needs a number of 
administrative adaptations *to ar^omplish what is 
m reality a new mission for sciencai These in- 
clude a fundamental revision of the basic patent 
philosophy to stimulate incistrial participation in 
the RANN mission, and a significant change in 
the traditional review process to make possible 
the intermediate kind of research 'squired in 
many applications, the research which is neither 
•"basic" nor "hardware-producing." and which 
cannot be judgod or guidea by either the aca- 
demic or the industrial community. 
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IMPLICATIONS OF NEW TECHNOLOGIES 



John Diebold 
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New York, N.Y. 



Technology has always been important pri- 
marily as an agent of social change. However, 
the people who have created or applied new tech- 
nology generally have thought last of all, if at all. 
of the real implications of that technology for 
sorriety. Certainly Richard Arkwright and James 
Watt, for example, were not thinking of the kind 
of world that was to come out of their inventions. 
Nor have most other inventors throughout history 
thought much about the social implications of 
their work. This is still the case today. 

However, this situation is changing As we 
move from an advanced industrial society into a 
post-industrial society, we are re-ranking our 
social priorities. And vve ^are becoming much 
more concerned with trying to apply technology 
to the achievement of certain specific social 
objectives. 1 would like to make four observa- 
tions about this change. 

National Alternatives 

First, the very process of defining national 
alternatives 's something quite new. and requires 
a great deal more effort and attention. We should, 
all welcome the initiatives by the National Science 
Foundation and other elements of the Federal 
Government to promote the exploration of what 
alternatives are' open to us. -and what things we 
must do to pursue them. We must all become 
much clearer about what our order of priorities 
should be We must also do a lot more to main- 
tain our technological lead, vvliich has boon some- 
what eroded and to gear our technology to the 
(Mder of priorities wc adopt. 

Incentives 

Tho second problPfTi arod is the piocess of 
af)plyir^g technology to our priorities. Here I 
would tond to feel thai wo need more private 
sector .activity. ^ti'TUilalod by a structure of incen- 
tives developed by the public sector. Wo are 
beqi'uiinq to see some of thi.; comMig about, and 
some of the kuidership ol it is coming from the 
Na{jo."..if' Science Foundatior^ The Exfxonmental 
R&D h^centives Program of NcUi(;nal Sconce 



Foundation is. I think, an example of a real reor- 
dering of the institutional relationships between 
the private and public sectors. 

One of the biggesf^roblems we have before 
us is that of finding ways to make it profitable for 
private-sector business institutions to do the new 
things that society now wants done. We have 
made it profitable for business to produce a broad 
range of consumer goods and services, bu we 
have not created profitable markets for many of 
the services that now have high social priorities. 
In the worst of our city ghettos, you can buy rela- 
tively cheap, relatively higlvquality consumer 
goods. But you can't buy many other things that 
you ought to be able to buy, in the way of- educa- 
tion, in the way of prevention of crime, in the way 
of housing. When market forces ace lacking, we 
have great difficulties in delivering these essential 
services. 

So we have to develop the incentives that will 
attract private business to delivering some of 
these services. Once we have defined a series 
of national objectives and ranked them in an 
order of priority, we have to learn how to create 
the incentives which attract the caoital. which 
attract the management and. above a'!, attract the 
dynamic institutions to working toward the attain- 
ment of these objecitves. This is a very important, 
very interesting and very key problem. My guess 
is that we could learn a certain amount in this 
area by looking at foreign examples. Both Ger- 
many and Japan, for instance, have very interest- 
ing models in terms of relrNonships between the 
private and the public sec^irs. Both are indeed 
worth our study. 



Advanced Technology 

The third area on which I wpuld like to corn- 
merit -s that of learning how to build profitable 
business around advanced technology. fVly com 
pany has a partnersfnp in France with the Roth- 
schilds, and one of the sayings in the Rothschild 
family is that ov^^r thn years they have tost money 
in three ways They have lost it orr hoises which 
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has boen tho fastest way of lo$inc) it. They have 
lost it on women, which has been ttie most pleas- 
ant way. And they hcwo lost it by investing in high 
technology, which has boe?i the most certain. 

I think this applies to us today. 1 mcM earlier 
today with 40. prominent venture capitalists of this 
country. One of the problems we have is that we 
are moving out of a perioc; in which we gave away 
a lot of engineering to sell a machine, mto a 
period where the machines are starting to be quite 
incidental and the engineermq is becoming the 
principal considoiation In many of our busi- 
nesses, we do not have the proper incentive struc- 
ture or the right kind of entrepreneurial drive to 
handle the new mix of intellectual input and 
lect^nical and business skills that is required. 

Wo have a lot to learn about building profit- 
able businesses around advar^ced tectmology. It 
IS going to bo very important to us as a country 
th u we do so Wi; cai aheacJy lOci'-n a lot by 

. xloser study ot the miiltinalional corporations — 
v.hicf! Mkj ai"nOf\g the niost interesting instituticr'"il 
miiO' citions of the fast 2b years. They have turned 

' out to be some of the most effective agents for 
transfer! ing t':^chnology and amorTg the rnost dy- 
namic mnans of achieving some of our social 
objectives. 

'value Systems 

The fourth poir^^ 1 would Hke to make con- 
cerns a reordennq of our approach to how we 
lugani^e and employ peopU;^ \n a post-industrial 
sr^dety Value systems — and p.-irtlcularly our atti- 
tudes !o\v.trd worK— are charginq very very rap- 
idly. The c«>mpar.i'^s that rotam the old views of 
h(?'.v you classify anq compensate people, how 
VO;j ■.■>tcM?*./e Uierri and whvU ir^contives you pro- 
r.'\i' h)r »hom am!! ^inM thi.^ c)(jinq touqfuM ind 
tvu.qhoi" Or> tho other fvinri c'ornpanios that tak^^ 
a r':".a':^ictf *lv -'^'sh vow s*.h.it pooole's v.i'u'?s 
ifa a'- t w^kW :heir attiturifs ^v.va^fi -A-'-^rK a'O. ami 

ir-' llv^ ronM> iHio-; \\\,\: Wil; 'cii'v r^^ovf? 
!•• fr.v^t t^^5 aqc 

T.'T pf\i '•^f vaiia^ 'syslr'M-'s as aoolied to wo' k 

■■'Mnq{; >,vi!l bo Uf\- 
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mofidously important to our Rj'5\^uctivity My 
guess is .that we will find a very substiintial reor- 
dering of. our approach to the mix of work and 
education throughout oirr life. We will probably 
bf*gin to experiment with v*,'Ork at a much earlier 
age and with more extensive educationsin the 
middle and toward the end of life. I think also 
that we will structure systems in which large 
companies begin to^farm out much more of their 
work to paiaaUy o^ned subsidiaries, run by peo- 
ple who have tneir oWn ideas of how they v. ant to 
organize their output, and who do it in their *own 
v\ay. m their own time. 

1 think Route 128 might have been a very dit- 
terent story if some of thq older, v.ell-established 
companies had taken a 'quite different view of 
entrepreneurial iriceritives for highly skilled, highly 
gifted people. The older companies could have 
structured partially-owned subsidiaries, for whom 
they did the financing and marketu'ig ^^nd produc- 
tion Meanwhile the subsidiaries would have got 
the product inriovation a:Hl the'research aria t^^e 
product servicing done by pods of people who 
had :\ real stake m \Vhat they riotnq. 



Cone usion 

think that our. ability to apply iechnolog> 
v.'ill tje tied very largely to our ability to make^ 
fnalPf/ial innovations in our private and, public in-* 
stituHons and in their relations with one another. 
My guess is that the greatest change vsill be in 
the pubtic-pnvate interface. 1 think thr' in this 
change we have our greatest chance as a nation 
to achieve a much stronger dynamic in the next 
stage of-our cevelopment. 

I would like to cjose with a quotation ftom 
Alhed NoMh Whitehead He said. "It is the busi- 
•k'^ss of the future to be dangerous and it is .imong 
thR fnerits of science that it equips the future for 
its duties." 

In the irrirnedititP futuivV th^re will be less 
s»ac:urity and less stability than in tho iMiriiodMte 
[)ast It must be admitted Ifiat theie is a d^^gree 
instability that is incompatible with civilization 
Rjt on the whole, unstable aqes have bern qrea: 
ages. 
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RANN APPROACH TO RESEARCH UTILIZATION 



M. Frank Hersmao 

Director. Ofl^jce of Intergoverrmental 
Science and Rese3fi:h UtiH^rution 

National Sci,enco Fct;r.ciat50*n 



The RANN opcrcnch to' reso3'ch cv.^se??v 
I'^^iition and utilrsatO/*^ ^a'l ^ov sunin\iMz<tsa r^- * * 
three \NO*Oci- i ' 

/ GET IT DONE! 

But as \\o aV' ^no>^ the^e '"o -^..^sv to 
insiire that better ideas v\s^* a^octev-:^ v?? that 
oett^i technique^ 'AjU co'i.-sec. Pe^c^e' a'^ci ^ 
st'Vvit'O'^s "^esjst cnance — e^e*' t^ose .^.ho 
fuH ho\\ }niportwi*'!t -t is to ac^oot ^*e-.*»\v.a\5 
ot oo.:^Q\h'Pgs We a'e a/i^^ceatw-es o* hab't 

"Amer'ca'^ busine'ssf^'^e'^ ha^e ?ea'"^ed Vvi- 
j":novaticn 3^ inJ-.spe'^sabJe -.vas J-re o.:* 
eco:'»omtc s>ste"n. anj Vhev 'ace c1a«*v -'e'?'-^cie*s 
0* the fact the n^ar^eto-ace t^^s v-v.'0*> 
"j^er^t the-e *s i:tv-e ciace ^o? ^esearc^^ ss'^ ch 
there iS.not a c'ear ut i eat o * c'o^ect \e 

Bus'.'^ess ca''':e$ oi;t res-iVt^ch y,: i^ratio^^ 
ass-Qn>ng C'-O'itv — a^Kl c^oi'ars--;*^^ rvduct de- 
veloome^t and n^'Ket^'^g Fa»>/e\e'\ coi'a' 
vestev.1 n '.^e fesea'c'i r^^at p'o-:ii.reci,the O'O^lixt 
t^o o-essue^. o* the *0fce -"c^i.^t'v 

to invest lO-to 2Q aoiK"\r5; j-Vviea-cM ut''i.ratJO'^ 
iocj5tr> s expefe-^ct* ■? t'^at •/ : ooos -^ot a?so"' 
orto-'t.os .'^ t^ > -Aav ^ V./^^ t^o o'^a-ce V\V 

.^nest'i^e-^t in re^oa-o'^ v. -i '';t l\v« o^- 
?aios 

The C3c\0"^'^v^t ai?r;o.'iC^ 'oe- av: te 

^ ♦f/j,o,'.» T^>p 0"^'^0^.i? S ^'aS t^r:"*'" 0'" '^''5e.l*o*^ — 

ture. V. ^vrh *o; al^^^.^st vea's ''m? ore^aten a 
se?vJC'a tha-t ct'j>scw^*es ^'^o ■■'"u '^c? ao' Cu'- 

-^esoafch to ^'a^^'e?? a*'-i ot^^'^r ^'Vf ''•^ste.i 
:.^-0's:^'^? t^'ouohcut rhe U-^ red ?r.ites T^<; ^ys- 
te^T! s, '-"'O Aell-k'^o^s*'' Aq: Cv/tj'a^ Et^'»?^s^O" 
Se-\ ce' It operates t*'"OL:c^^ t'^^^ Li*^ "-^i' a'*t co'- 
fOv'^e? e\erv state .v\^ t^'o a.ie'^*s " a*- 

eve^v caii-^tv .'-^^^ th <; 'w a^ ? 

-r^^s* ef^-^c: a-^vl effect "'v^a-^s aV a**' ve'-^n 
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There a^e ven» gc<>;1 leasers vvtiv industry 
a'^'d csovernri^ent ha\e ci'St<!^ctrvew> different re- 
search ut^iiration :^3ttefn^, ' 

The p' \ate sei.'^tor -is-n^ct^xateo by profits, bv 
a c^esrre to Cjtpti^?^ markets bv the pressures 
^■0'"' corrcpets^c: *-?t^^s a^^a i?^dust'ie$ — short bv 
t-e ':ee j^\VN^-t system. 

^•^ aovc-r'^r^e^'^t— \MV"5 the .except. of \va^'- 
— t^'je'O ?^a\e been incentives as pov.er- 
\: as t^^'ose of the ^'^'^ajketplace The business of 
cc'.ej^^r^ent has '^o: been the maiKetmp cf prod- 
'..rts 0- even- or technoloo^' 

But t^-i.'^gs are chaTging • 

The rea'it^es y^e ene;g\ msi? the pres- 
s.-^es to c'ea^'^ to the e^nnon-ne'^t ^he demands 
*o g^eatr-' orod:;ct=^ =t\ — -.'^ short, the three na- 
t y^a' neeos v»e r'; ate tr\ina to mee: — arc 
,:reas A*'*e''e t'v^'O S'-?oW are '^of enough re- 
so-..'res vjove»^"?^e"it to contv^^t ourselves with 
^'ss t^a'^ ?he best soiiitiO'^'S' 

-iT^-iv^^t so-ut-:3ns '^list h-e communicated 
b'oa.l'v ■'^ o'vtC'' .to be e^ect^ve. 

V 

"Wat s V. ^^^'^t ..s t^e fesponcibiiitv of the gov- 
to 0 0 s.'^-iO'e'"! fvafVeti'^JO to determine 
I't^ons a'O r g*"t ^"^^ the i-M'oduction of 
^.^ ■'^"'0\a*o*^ ■* ^v^Tis that co*'^0't'ons r^re not 

* t^e'^ *-"e :jo\e*n'^'^e'^i' ''^lust ^eed t^is back 
■^t." M^"^ oer sjO'" r'oress I. cond;!»."''s aie riol^t. 

v':o\ e""**'e'"' s^\'^wU^ ''^voUe accvoX^riat-'^ p^o- 
\.oe* 0*0. -0$ c.'.**v'"q =*^.po\at!on to\ts p^'^c• 

• O.V CO-^.C v;S on ' ' 

* o 

User Involvement v« 

^ ^'A\'\ I'-oca'^'^ \\0 a'O worka^g to iiso 
a\a 'ab*e ''v^.v"> to *ul*='' thj*; respons^bilitv 
V.e a'O v?•^"a v. t*'* '»se's be'^•e 'he av.ard.of 
rrsoa'c^ r:vi^*s a^^d contra*^ts dun'^c the fe* 
s^'^vo''' O'oo'a^^'S a'^d o"* co-'^^o'otio^ 0*.n inten- 
. ... f ^ rstab*'sh a f^sste^^^^ *h.it Vv'M be as liSeHil 
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i^f'' p>ea o\ i^'e A^^"" .vv M^^^o' 
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Fxt-^'*s F-vs**^^". ha? bO'^*"^ *or 
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The RANN hesoarch Utili?ation proqranK.^ 
huikis on seven years of NSF experioncn in do* 

. ve'opino and operating an interqo»/ef nmorUnt sni- 
Oiice. program. This effort pioneered in helpinq 

. B!n!o and local governments find ^Vi^.ys.to improve 
Iheir ability to use .science and technology. It' 
has al^'^ helped the Federal go\ernment move in 
th(!^ direction of applying technology to civilian 
soctor pj-oblerns and needs. , 
/ 

/ The R^NN Research Uijiizaiion Office has 
four basic liunclions: 

. • We are responsible for developing 
policies^ programs, procedures and 
pl^ns to promote the full utilization 
^ of f?ANN research results in '^national 
need areas. 

• We attempt to stimulate the devel-' 
opment of public and other user 
capability to implement RANN re- 
search results, 

• We plan and arrange for proof-of- 
concept demonstrations leading To 
replication of successful RANN proj- 
ect results elsewhere. 

• We have the responsibility to promote 
full dissemination and diffusion of 
RANN research results. 

To the rnaximum degree possible, wo try to 
tjso the rf^search utilization capabilities of 'other 
F'/de^al. sUVj: and local agencies as well as the 
pr.vut-:^ sector. 

LfM.HTo bo a little mo'O specific. The research 
!i/.i1iop job toqin^ before a lesearch grant or 
r-^ntMc! a-.vardod. \Vn ask -jsors to Tdontify 
*hi^'r pf.jl)l»M7i<; .Hid thmr noi^d^ Wo qet them 
:nvo)vtu.i piioMty ^^(^tting VVfHvi wn rocc^ivo a 
''t^s^'^a-ch D'ooosa! we roqinrt? th.n it- have a 
'.I'-i .-'jt o'' r>' 'And v.*^ invite usor^ to partic;- 
fVtV' r--. rj-'c -s-on-nvTK.-j.q by iii-ln.nq the me^-'ts 
v'.U'^sals. 

I'hf' 'jsor .Dsn 'OvnIvcH J-jn'^c) t-^»^ ?'^S(\ar(*h 
J. holtv.'v*} (js rit^^ofmmp rpse.urh sirato- 
I-- cac^'^^ thf»rr is jo r.\ funding with 

r,..jo- \- fT> c;c;.->o -)i]f>Mf w tho'p 'M,iy other 
... .f.fjt^ — . ' :n f::- i.S'-*' r.ist s*\uii.n (k man- 
i,-;'"M.'f ! ir^v'!^-vi to nar-iCip.i!*^ in sit*.^ 

P[-.^^. ifiT D'rW.'iqs Arc- J '*f:V i ''^1 U3ors 

I- i* '• ■'i' ..S'-' r^i.Kii;ai'; 

A -".I o' c:'^'.ifSP v.i^ '■'"?''n!)M'catr^ 'Aith 




for journals that thoy are likely to read. Special 
pr'ograrTis- art^ organized at technical meetings. 
PopiHarized articles are prepared. Research syn- 
thosis afe:tivitlos of various Kinds are undertaken. 
And in a fe>w cases, we nrake filnis—sortio of 
which you have seen at this meeting. 

But I woulA not want to convey the idea that 
our programs are cast in concrete. The research 
utilisation, function Is still evolving arxi — I feel 

• sure—still growing. 

• Major Thrusts 

To gfve some fe,el for the evolution under 
way. let me mention a fev*f major thrusts: 

A current program provides for the distribu-, 
tion of RANN and other research firidings to state 
and local govoi;unents. beginning with emphasis 
on energy and fanci use. this program is un^ier 
the direction of Public Technology Incorporated 
and now involves 80. local governments. 

We are helping to form a consortium of city 
and county governments in 28 of the largest 
urban areas with populations of more t^ian 
500.000. which will"undertake to see how RANN 
and other research results can meet. their needs. 
' Th'is group of -governments expends mpre than 
16 billion dpllars and represents the interests of 
more than 34 mijiiori Americans. . 

In cooperation with the states of .Tennessee. 
Colorado, and Oklahoriia. we are working with 
the Acjficultura! Hxtension Service and Mhe Knvi- 
ronmer.tal Protection Agency to develop a na- 
tional environmental ■ extension system that will 
be able to disseminate the results of not only 
RANN environmental research, but also the re- 
sult^^. of othoi Fedora! josearch actWities to com- 
munitios tliKHJCjhout [ho United States. 

In all of these efforts, costs are shared and 
iho aim is to bung them to'self-suppoi tinq status 
ai; sojn :]{^ por-sibU^ 

Another f)ro(jr'^ni has boon S(M< supporting 
iiqht from. the start Through ouf Federal lab- 
oratory program, a gioup of 25 laboratones has 
bOf:^n able to put togetho; moio th<in 180 projects 
boannq on nonds ni tho civil spctcir In compli- 
ar^co with tlio M.msfinlfi AriuMuinipnt 'all of those^ 
h.iv h(M^i. fully funilPii hy non ■[■)oto.'isp'aqoncios. 
Iht^ tot. it furuliMq of Ihis pf(Kirar7i is in nxceSF; of 

i ' (} MlilllOP * 

I 

Major Projects 

N^'x! l»*! n->o fn(Mii'(Wi I f.-vv oi Ihp m."i|0f 

■^>f»paf( h i;'t|:/.lt.'i)ri ;)i i|<'Ms Ih.U JIP iiruifM Wtiy. 
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One is an effort to use research results in 
establishing a program, to preserve and restore 
the' ' environmental Values of thr=^ Lake Tahpe 
, Basin. In cooperation with the bl-state Tahoe \ 
Regional Planning Agency, we are working to 
develop^a master plan that will point research In 
the right directions and also lead to the use of 
research results in public and private ded.sion- 
making processes, ^ 

In another project, we are developing a plan 
to help cities throughout the country with new 
approaches to planning and controlling urban 
growth. In most cities and suburban areas* 
growth has already caused extremely difficult 
problems of managing resources and providing 
necessary sei-vices, A model policy and set of 
Ipcal ordinances have been developed in San 
Jose, California, with assistanqe from RANNv We 
will share the results of this project with other 
local governments in the first of a series of RANN 
field days that are to be initiated. 

We are working with Industry, an EPA Na- 
tional Environment Research Center and the 
Lawrence Berkeley Laboratory lO determine the 
marketability of a spectrometer developed at 
Lawrence. This instrument quickly and accurately 
detects trace quantities of mercury and other 
contaminants in liquids, solids and gases. This 
device appears.io have widespread potential in- 
cluding testing fish and other food products as 
well as effluents from industrial plants. ^ Our 
studies indicate that the device can apparently 
be produced at a competitive price. ' ' 

We ar'e supporting a market analysis of 
v/Bste-vvater purification processes being devel- 
oped at the Oak Ridge National Laboiatory. 
These processes promise to be very (jseful in • 
achieving Federal standards m removing trace 
contaminants from various industrial effluents 
now being regularly discharged into the nation's 
waterways. Shortly we will make a ha\d market- 
ing decision whether the Oak Ridqo precedes — 
solvent extraction and elect rochemjcnl extrac- 
tion — should be brought to the proc^^-of concopt 
stage. 

Market surveys and brjofmgi^ to electrical 
\itilfty companies indicate promise for a method 
devoioof^d it the University of Missouri to apply 
automatic: data processing techniques to the op- 
eration of power sy^^tem substations. Among the 



V 

techniques that have come from this effort are 
improved relay control operations and fault 
detection. 

One of the most significant of our research 
utilization activities is in support'of the marketing 
of magnetic separation applications, described 
by Henry l$o1m of the Francis Bitter ' National 
Magnet Laboratory in the productivity section, 

Disseminating the Results 

At the conclusion of the research process, 
RANN has the responsibility of disseminating the 
results to users and potential users. It is 'not 
always possible to know with certainty who will 
really take off and run with a research finding. 
We are still shaping our processes for dissem- 
inating research findings to perfect ways that 
are most cost-effective for everyone who has a 
need. We have established a RANN document 
center and arrangements are being made to dis- 
tribute copies in both hard-copy and microfiche 
form. ' 

Our RANN information dissemination pro- 
gram also supports digests and abstracting serv- 
ices as well as the utilization of various media in 
the dissemination process. 

FinaNy. we sponsor and conduct a wide 
variety o^workshops and conferences that bring 
researchers and users together to exchange in- 
formation about requirements, results and plans 
for the future. Some of these meetings are sma'l. 
Some are medium sized. This RANN Symposium 
is an example of how large a group can come 
together when an overview of the entire RANN 
'program is presented. 

V 

We in RANN are committed to the fullest 
possible dissemination of research results in, the 
same fashion as exemplified by the efforts of the 
Agricultural Extension Service. We are worixing 
hard in cooparrtion with other Federal agencies 
to close the gap in communication and under- 
standhng that exists between researchers and 
users and potential users. Currently, we are in- 
vestmg about S5 3 million in utilization activities. 
But RANN utilization is an evolving effort that is 
certain to grow as we move ahoaci to meet the 
challenge of ensuring the application of results 
to our national needs. 
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APPENDIX A 
ATTENDANCE LIST 

The 1.531 persons (in addition to the NSF-RANN staffV who ^ 
attended the first RANN Symposium represented a broad spectrum 
of backgrounds in industry, &jv6Vnment, universities and 'the 
various disciplines of scientific, engineering and social science 
research. The following it the list of those who registrations 
were complete: 



Al Aaron « 
Silver Spring. MD 

Ekkehard A-be! • 

GermaH Embassy. Washington, DC 
William C. Abernathy , 

Director of Industry Affalr.s 

Mechanicaf'Cpntraclors Association 

Washmgton, OC 
Albert J. Abrcinis 

N.Y. Senate 

State of New York 

Albany. NY 

^oel I. Abrams* 

Chairman. Department of Civil Engineermg 

Univ. of Pittsburgh 

Pittsburgh. PA 
^ Miriam Abramscn , a 

Acting Federal Prograr^* Coordmator 

California State Univ.* . 

Washington. DC 

O. W. Adams \ . 

Program Director ) 

National Science Foundation 

Washington. DC 
Roy N. Adams 

Associate Professor of Electrical Engineering 

Tennessee Technical Univ. 

Cookcvillo. TN 
Salisbury M. Adams ' ^ 
.Staff. House of Representatives 

Washington. DC 

N. J. Adamson 
Ford Motor Co. 
Dearborn. Ml 

James Adduci \ 
President 

Electroniv; Industrjos Assoctatjon 

Washinqlon. DC 
James Ahibera 

G. D Searie & Co. 

Chicago IL 
W. F. Allairo 

Alhod C^>emirn! Corp. 

^.'^orns^ow^. .NJ 

Joan [\. Allan 

Program Cnnsijifnrit 
Washirtg'lon. OC 

George E AMen 
DiroctOr 

Regional Edurntron S\-'f\\cp qcnc.y O' Aop^^lnchia 
Cumt-jonand MO-.. 



Fernando Alvarado 
Univ. of Toledo 
Toledo. OH • 

D. P. Ames 

Director of'ResearcM Labqrijtories 

McDonnell Douglas Corp. 
: St. Louis. MO 

Michael Anbar 

Stanford'Research Inst. 
^ Menlo Park. CA v 
Ancker-Johnson 
Assistant Secretary 
Department of Commerce 
Washington. DC 

Eyan D. Anderson 
: Program Manager 
National Science Foundation 
Washington. DC 

F. R. Anderson 

Environmental Law Institute 

Wfiighington, DC 
M. Norman Anderson 

COMINCO American 

Spokane, WA 
Orson L. Anderson 

Univ. of California-Los Angeles 

Los Angeles. CA 

Philip Anderson 
Aikla lndu:**.ries 
Evansville. IN 

T. J» Anderson 
Representative 
State of Michigan- 
Lansing. Ml 

Thomas L. Anderson 
• Staff. House of Representatives 
Washington. DC 

Roif Andreasson 
/ Science Attache 

Swedish Embassy. Washington. DC 

Washington. DC 

Richard V. Andrews 
Creighton Univ. 
Omaha. NE 

Irving Antin 

Director. Office of f^osoarch Support 
Mf-x^rqueMo Umv. 
Milwaukee. Wl 



Josoph D. Antinuccj ' ^ t 
Nvival Underwaler Systems Contar 
Newport. Rl 

toUd Af>u^Kli»WJCZ 

Informalics Inr 
Colloqe Park. MD 

Daoiiil S Apploion ^ 

Pii-^lu: ^\)i:(:y fk^soarch Or^ani/alion 

Ufnv. of CaliUnnta-li vmo 

Irvrne. CA 
u. A'rchor % 

Washmglon. DC 

NVuiayor. AJvancoa Lnoryy SysteTius 

General Eu^clnc Co. 

Valley ^orge, PA 
CtHia r Arker 

Resoaic'^ Ccn:SvHtarV 

PhtMMiixvnitv PA 
'"lOorgtvE. Ar.nf^fom 
' • Conoijo Entutfico [Ix'am. Board 

VVa''5r>in-jton DC 

HjjoicJ At^Mor 

C'.,;iiprai tlerlnc Co. 

Washmglon DC 
Tjpnolhy Alkeson 

Wai^hmgton. DC 

Auivfust 

Jones & Laugniin Sieo: Co. 
Pittsburgh. PA 

Georqe [^at^cock 

Dopt of Business and Economic 
Univ. v>f Scrantofi 
Scr3n%on' PA 

Reg [3abrock 

Staff. House ot r-teprc^sfiMltvos 
Washincjtiin. DC 

PfMiiip Bacon 

'wVar Energy Co('rtJina!or 

Cet lam- ToiHi Pr kIul !^ 

Va":o> f-orgc PA 
M-:'.^ina Bacf.i^i^or 

Washington DC 
Spt'iu.-er U. I^aen 

fi'^as A&^■ Un'V 

Coiio^ie Station. Jy, 
O'diW"^ O Baircl. 

Ufvv. 0^ *he Sowtn 

Ijf.'wan-.Mv FN 

^'i^ y* IkiKcr 

W'A.^^Mnr/.r.r DC 
L:uifa [iak^u 

VV 1 ^'-.'A it:;r^ DC 



J. Balsley 

A;»sistant Director 

U.S. Geological Survey . 

Reston VA 

H. E.. Bamford 

Senior Staff Associate 

Naljonal Science Foundation 

Washington. DC. 
S. George Bankoff 
' Professor. Chemical Enginoorlng 

Norttuvestern Univ. 

•Evanston. IL 
Calvm D. Banks 

DepK of Transporialion 

Washington. DC ^ 
Philip Bannan . 

.Western Gear Corp. • 

Arlington VA 
Robert D. Bannister 

National Association of Regliors 

Washington. DC , 
Stephen S. Daralz 

National Academy of Sgences 

Washington. DC \ 

Wm. Richard Barchet' ' ^ 

Univ. of Wisconsin-Madison 

Madison.yWI. 
Marcel Bardon 

ftational Science Foundation 

Washington. DC 
Dennis W. Barnes 

Univ. of Virginia 
. Charlottesville. VA 

R. W. Barratt 

California State Univ.-Humbold^ 
■ Areata. PA 

fviymond^n. Barrett ' 

Portland. OR 
Janet Barsy 

Staff. U.S. Senate 

Washington, DC 

Giego'ry Barthold 
ALCOA 

Washington. O.C o 
Parko< M. Bartlett 

Vice President 

Garrett Corp. 

Los Angeles, CA 
f^obort L. Bartlett 

H & D Manufacturing Co. 

^ow^^on. MD 
l^ashicl Bashshur 

Umv. of Michigan 

Ann ArDor. Ml 

H. Dean Batha 

Assoclatn Director of Ros(Narrh 

Carborundum C(v 

Niagara Falls. NY 
>/nrtin L. Baughman 

Massachusetts Inslitutcof Tochnniogy 

Camhridgo. MA 

['(iward J. fJauser 
, Expcutive Director 
jDint Committee '^o Atonn.. Enerny 
U S. Congress 
Washington. DC 
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Chnrlei^ D. Beach 
4 Westinghouso Hiectric 
Bouldor. CO 

• Van W,*Beafin(jcr 

.. Vico Presidont. Research "^^^ 
. HonoywoJI Inc. 
'Mmn^apoli*^. MN 
T. E; f^GChort 
Virginia Polytoch Institute 
Blacksburg VA 
Charles F. Decker 

National League of CtUp^ — U S. Cofitorenco of Mayois 

* Washinnton. DC 
Harold S. -Booker 

Futures Group 
Glastonbury. CT 

David Z. Beckl#r 
N'alional Academy of Sciences 
-War^hington. DC 

L. S. Beedle 

Lehigh Univ. 

Bethlehem. PA 
S. H. A. Beqemann 
, Assistant Science Attache 

Netherlands Emhassy 

WasMington. DC \ 

L. Belb ' V 

Firestone Ref;earch\ 
. Akron. OH \ 
■Robert A. Bell 
- Director of Research s 

Oor^sohdntt.'d Edison 
^'JewYork. NY 
Sander W. Bellman 

Sf;:en(.t) Coordinator 

FoO(i & Druo Admmistr.ilj-.^n 

f^ockviiiL. r/D 
''i. Ly'e Bolsio> 

CorvoUll^ri* 

Wjshmqlon. DC ' 

f-j>iv:i! Sn-p ^^t.'search DovelopnM.f^t C.?ni«^r 
Anp.ipo'».s l/.D 

M [)(^fJn^^i^^v «^ ■• - 
Chu a-io. iL 

\^ J [Ji*^ndure 
M.»«.(\irch ConN'^r 

\'i-.ij:«)tnwfi CA\ 
J.K-.k W fieni.jin.n 

^>t.in'..f:!. OA 
.:. ".'^ F Hnnnj>rt 

C < rn'.t)n Univ. 

^ Vv. D. (.irnnelt 

^U »MMlf:i.- C Li."» '«»; -. r 

t ml).i';-.v of C.jn.K) ■ 

C.r' • i l:r • ■ I:'. - , : 

.p ,■ 1-1- |. . fA 
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Olaf Berc]olin 

Research Coordinator 
« Univ. of Delaware 
Newark, DE 

Monroo Berkowitz^ ^ • * 

Rutgers Univ. 

New Brunswick. NJ 
Waller G. Berl 

Pfinclpal Staff Chemist 

Applied Physics Lab. % 

Silver Spring. MD 
Guy A. Best 

Assistont Director 

GenoSi Accounting OffiCe 

Washington, DC 

Kirk Betls 

Staff. U.S. Senate 

Washington. DC 
■ Arley T, Bever ^ 

Office of Experimental Research and 

* Development Incentives 

National Science Foundation 

Washington. DC 
J. F. Beyer 

Panhandle Eastern PI. Co. 

Houston, TX 
Roger E. Beyler 

t5oan. College of Liberal Arts 

Southern Illinois Univ. • 

Carbondale. IL 

Michael J. Bialles 

Associate Program .Director. Chernistry 

National Science Foundation ' 

Washington^ DC 
Larry Sickle 

Univ. of New Mexico 

Aihugucrque. NM 
Waller LJionnrt 

DynatHcrm Corp. 

Cockoysvillo. MD 
Ronaid Diggar 

Assist^int Study D-rcclor 

National Science' Foundation 

'.Washington. DC 

RohcM Dicigs 

Univ. of Delawaro 

Newark Dt 
fU)t)crt C. Binrnnt] 

Dayton. OH 

Kpr'.tin l.^. Btnnn 

National Acadi.miy of Uv.ijnef.'fin.; 

Washington DC ^ ' 
Wm r Btvens III ' 

National Are-i Oovclopmoni Institute 

Annandaio. VA 
f^oy.ii CV liivi'^s Jr 

^'r'Vjrnni M.KUj'ier 

NASA 

Washington. DC 
Cioriion S f^i.ick - 

V» rrjii.t f'A 
I >h.- M. BI.K.kAcli 
[)f\'ri of (■ nt^inr^'r;fK: 
Wt'st Virqjfiia Irr.htu*!' > >^ • • !■•},■ 
•.'■)n!']rMncrv. WV 
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A. G. Blair 

Atomic Enorgy Commission 
Washington. DC 

f . Giiham Oiako 

National Science Founrlation • 

Washington. DC 
Don M. Blandm 

Waj^iington. DC 
N. M. Blandin 

Mnnagemont Analyst ^ 

Office of Management & Budqot 

Washing'on. DC . 

Bob Blinzloy 

Marljoting Manrgor 

WostinqhOLiSD Llectric 

Pittsburgh. PA 
Marian Blissott 

Univ. of Texas 

Austin: TX 

F^. G. Blossey 

Research Center 

National Steel Corp. 

Weirton.WV 
• 

Eldwaid H. Blum 

City of New Yofk-RAND 

New York. NY 
A. ^, Bock V 

Annapolis MD 
Philip E. Bocquet 

Associate Dean of E-Tngmeenng 

Univ. of Arkanbas 

Fayettevdie. AR 
Karl VV. Boer 

Univ. of Delaware 

Newark. DE 
Seymour M. Bogdonotf 

Princeton Univ. 

Princeton. NJ 
Bob Hohan ■ 

Slalf^,U.S. SenaJo 
• Washington. DC 
Ca!t S. fiohm 

0'ffn:tor of Regional Piannm:) 

C.ty of Cit)veland 
; Clu^eland. Ofi 
Linda Boistun 

Le-gis-aiivt* Sorv«cr ConirT'iitief; 

:\\:\\o of Ohio 

Cv:iufnl)us. OH 
f ^^ uco C B;):»ngo»^ 

ol.i'^ HoiiT^o o^ f^ep:.ML'n[.}tiw^.. 

Wasr.•^^)!■^n DC 
Hi., I. [<n\r 
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Wa:-'Mn }ton OC 
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tarry M. Bdone 
Dept. of Agriculttjre 
Washington. DC • * 

Carl Rordenca 

SCM Corp. . ' 

Cleveland. OH 
John F. Boretz 

TRW Systems 

Redondo Beach, CA . 
Richard A. Borgey 

Diiector. Government Traffic 

Associated Transport 

Lfndover. MD 

Beth L. Borko 
Mitre Corp. 

Washington. DC « 

Walter Borkowski ^ 

r>un Ventures. Inc. > 

Marcus Hook. PA 
A. A. Bothner ^ ^ 

Dean 

Carnegie-Mellon Univ. 

Pittsburgfv PA 
C. W. Bouchillon 

Coordinator. Interdisciplinary Studies 

Mississippi State Univ. 

Mississippi Siate. MS 
Albert N. Bove 

National Academy of Sciences 

Washington. DC 

E. G. Bowon 

Science Counselor 
Australian Embassy 
Washington. DC 

.Wallace D. Bowman 

Library of Congress , 
Washington. DC 

Donald M. Boyd 

Seven-Up Co. 

St. Louis. MO 
Charles V. Boykin 

Economist 

McLean. VA 

W. R. Boyle 

West Virginia Univ. 
Morgantown/WV 

J. R. Bradford 
Dean 

Tex.is Tech. Univ. 
Lubbock. TX 

I 

Bill Brady 

Personnel Director 
lUE 

Washington. DC ^ 

J. K. Bragg 

A';.^.:<'.t.'int Vice PreV^Kinnt 
Singer Co. \ 
New York NY 

Gil Bray 

Staff. U.n r.or^^fo 
V\/a^»fimntnn DC 

Arfrujr M Bri?ipohl 
Untv of Ktinf;.is 
LawrenciV KS 
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Vjctqr D. Bromonkamp 

Associated Universities Inc. 

Washington. DC 
E. Brenner 

School of Engineering 

City Univ. of NeW York 

New York. NY ^ 
Harry Brenowltz ^ 

Director. Marine Institute 

Adelphi Univ. 

Garden City. NY 
C. Everrett Brett 

Univ. of Alabama 

Urtiversity. AL 
Rita ^irlcksin 

Economist 

National Science Foundation 

Washington. DC 
Albert Bridgewater 

Physics Sectior> 

National Science Foundation ' 

Washington. DC 
R. A, Brigqs 

General Tire & Rubber Co. 

Akron. OH . 

W. E. Briyin 
Science Adviser 

State of Colorado ' ' 
Boulder. CO 
M. G: Britton 
Manager 

Corning Glass Works 
Corning. NY 

Harold Brody 

Univ. of Pittsburgh 

Pittsburgh. PA 
Detlev W. Bronk 

New York Stc^e Science & Technology Foun 

Albany. NY _ 

R. D. Brook 

General Electric Co. 

Cincinnati. OH 
K. F. Brooks Jr. 

Wrifer 

Arlington, VA 
M. E. Brooks 

Senior Vice President / 

Lummus CO. ^ 

Bloomfield. NJ 
William F. Brooks 

M^kpagcr. Public Affairs 

Pen-p Mutual Life 

Philadelphia. PA 
Oordon W. Brown 

Univ. of Pittsburgh 

Pittsburgh. PA 
Gardner Brown 
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An additional 8 persons regisiored and attended, but 
their registrations were incomplete. 
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APPENDIX B 



RANN SYMPOSIUM DINNER MEETING 



November 19, 1973 



r 



The following were seated at the head table: 

Betsy Ancker-Johnson, Assistant Secretary of 
Commerce. 

Raymond L. Bisplinghoff. Deputy Director, 
National Science Foundation. 

Detlev Bronk. Chairman, New York State Sci- 
•ence and Technology Foundation, and former 
President, National Academy of Sciences. 

Charles A. Byrley. Director, -Federal-S^ate Re- 
lations. National Governors Conference. 

Robert H. Cannon Jr.. Assistant Secretary of 
Transportation. 

Lloyd Cooke, Director. Urban Affairs. Union 
Carbide Corporation, and Member of the National 
Science Board. 

Kenneth W. Dam. Executive Director. Council 
on Economic Policy, the White House. 

William Donaldson. City Manager, Tacoma. 
Washington. 

WiHiam O. Doub, Commissioner. Atomic En- 
ergy Commission. 

Alfred J. Eggers Jr.. Assistant Director. Na- 
tional Sc»c;iice Foundation. 

Herbert I. Fusfeld, President. Industrial Re- 
search Institute, and Director of Research. Kenne- 
cott Copper Corporation. 

Jack Golodner. Executive^ Secretary. AFL-CIO 
Council for Scientific. Professional and Cultural 
Employees. 

Thomas F. Jones. P'-esident. University of 
South Carolina. . 

Hugh Lowcth Deputy Associate Director. 
Office of Management and Budget. 



William A. Morrill, Assistant Secretary of 
Health. Education and Welfare. 

Robert Nathans. Professor, Physics and Mate- 
rial Science, State University of New York, Stony 
Brook. 

Russell D. O'Neal. Special Assistant to the 
Chief Executive Officer, Bendix Corporation, and 
Member of the National Science Board. 

Russell W. Peterson. Chairman, Council on 
Environrriental Quality. 

Johi Sawhill. Associate Director. Office of 
Management and Budget. 

Robert C. Seamans Jr.. President, National 
Academy of Engineering. 

Elmer Staats. Comptroller General of the 
United Stales. 

H. Guyford Stever. Director. National Science 
Foundation. 

James E Webb, former Administrator, Na- 
tional Aeronautics and Space Administration. 

Edward Wenk Jr.. Professor. Engineering and 
Public- Affairs. University of Washington 

Phillip C. White. General Manager* of Re- 
search. Standard Oil Company of Indiana. 



At the dinner. Dr. Eggers presented a special 
citation to Dr. Nathans recognizing the pioneering 
RANN-sponsored research on municipal service 
delivery that was carried out by his SUNY-Stony 
Brook team and that led to a substantial upgrad- 
ing o' the cost effectiveness of sanitation service 
delivery in New York City. 
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APPE|f4DIX C 

I 

FILMS SHOWN AT THE RANN SYMPOSIUM 



1. "The Edifice." 8 minutes, part of a 30- 
minute film. 'Why Man Creates." produced by 
Kaiser Industries, available from Pyramid Films. 
P. 0. Box 1048. Santa Monica. Calif. 90406. 

2. "The Use of Knowledge Is Power." 8 min- 
utes. Sound and color, series of stills, available 
in 16 mm"film. A background presentation on the 
utilisation of knowledge throuqh history, with 
commentary on the probJems of misuse of knowl- 
edge. RANN Document Center.* 

3. "Help for Hail Alley." 5 minutes. Sound 
and color motion pictures, available in 16 mm and 



'The RANN Document Center is in the Office of 
Inlergovernmentnl Science and Research Utilization. 
National Science Foundation. 18C0 G Street. N.W.. 
Washington, D.. C. 20550. For inforrr.ation on films 
contact Ms. Carmeen Adams, telephone (202) 632-0145. 
or Ms. Susan Sherman. Office of Public Affairr.. tele- 
phone (202) 632-5703. 



35 mm film. Progress in the National Hail Re- 
search Experiment, a five-year effort to determine 
whether hailstorms can be suppressed in *'Hail 
Alley," an area of Colorado and Nebraska where 
they cause millions of dollars in damage to crops 
every year. RANN Document Center.* 

4. "Enzymes for Industry." 5 minutes. Sound 
and color motion pictures, available in 16 mm film. 
The progress and potential of a program to utilize, 
enzyme technology to increase U.S. productivity, 
with emphasis on the possibility of converting 
cornstarch to sugar, thus reducing dependence 
on imports. RANN Document Center.* 

5. "Lead, a Four-Letter Worry." 5 minutes. 
SouA^ and color motion pictures, available in 
16 mm film. The results of research on lead con- 
tamination are applied in industry's efforts to re- 
duce environmental impact of lead mining and 
smelting in a new mining area in the Missouri 
Ozarks. RANN Document Center.* 
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APPENDIX D 



EXHIBITS SHOWN AT THE RANN SYMPOSIUM 



The following is a list of exhibits, together 
with names and telephone numbers of persons 
who can provide information on their, availability. 

MIT Magnetic Separator Exhibit. Dr. E. Max- 
well. Massachusetts Institute of Technolggy (617) 
253-5580. 

Raytheon Magneplane High Speed Transpor- 
tatipn Exhibit. R. R. Andrews. Raytheon Exhibit 
Services (617) 358-2721. 

Johns Hopkins Fire- Research Exhibit. Dr. 
Walter Berl. Applied Physics Laboratory. Johns 
Hopkir^s University (301) 953-7100. 

University of Minnesota-Honeywell Corpora- 
tion SolBr Heat Pipe. Solar Energy Exhibit. Dr. 
R. C. Jordan. Umvel-sity of Minnesota (612) 373- 
3303, 



University of Delaware Solar House Model. 
John Irela (302) 738-8481 

General Electric Solar Panel for Heating and 
Cooling of Buildings. Arnold Cohen (215} 962- 
2770.' ' 

WestingKouse Solar Heat Pump. William Rob- 
inson (301) 765-3366. 

AEC-Los Alamos Subterrene, Di. John Row- 
ley. Los Alamos Scientific Laboratory (505) 667- 
6677. 

Westinghouse Slow Scan Television. Willian 
Finlay (301) 997-3010. 

Lawrence Berkeley Laboratoiy Experimental 
Mercury Analyzer. Fred Kirsten. (4l5) 843-2740. 
extension 6341 
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